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TITLE OF TH£ IKVEXTIOK 

CAPEAPEICZMS HAVING A^: EXTEPilALLY ALKYLATED KCKC- 
OK EI CYC lie 2-QUATER:ARy HETERCARYIALKYLTHIC 

substitue>:t 



BACKGROU ND OF THE IKVEtmOM 

The present invention is concerned with 
carbapenens antibiotics having a quaternary mono- or 
bicyclic heteroaryl containing group in the 
2*position. 

Thienamycin is a known carbapenem, broad 
spectrum antibiotic of the formula: 

OH 

COOH 
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Other derivatives of A are also known. 

The present externally alkylated mono* or 
bicyclic 2-quaternary beteroarylalkylthio substituted 
carbapenens have an antibiotic spectrum equal to or 
5 better than ^« The present carbapenens also are nore 
resistant than & to degradation by the 
dehydropeptidase enzyme DRP^I. 

SUMMARY OF THE INVENTION 
10 Carbapenems having the formula: 

I 

3 4 

wherein R is a quaternizing substitutent « R is 

20 a ring hydrogen or substituent. L is a covalent bond 



or a bridging group 
beteroaryl, and 




is mono* or bicyclic 



25 y is a carboxy containing substituent* 



30 
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DETAILED DESCRIPTION OF THE INVENT TOM 

The invention is embodied in a compound 
-having the formula: 




10 



wherein: 

L is a covalent bond or a bridging group selected 
from -tCH2)j^_^S-: -(CHj)^^^-©-; 

15 -tCH2)j_^-X-(CH2)j^^ where X=0. S. 

NH. or H(C^-Cg}alKyl: substituted or 
unsubstituted c^^-c^ straight, c^-c^ 
branched or C^-C^ cycloalkyl groups 
wherein the subsrituents are selected from 

20 C,-C- alkyl. O-C -C, alkyl. 

S-Cj^-C^ alkyl. halo. OH, CF^. CN. 
NH^, NHC,-C^ alkyl. N(C -C. 

Z X D X D 

alkyl COjH. CONHj. CONH (Cj^-C^ 



alkyl), and CON(C -C, alkyl),; 

X o 2 



25 )i_3 



(> 



\^ is a nono- or bicyclic heteroaryliua group 



containing from 5-11 ring atoms of vhich up 
30 to 5 are heteroatoms wherein is: 

1) an unsubstituted or substituted 
C -C alkyl radical: 

X D 

2) an unsubstituted or substituted 
C.-C^ alkenyl radical; 

X o 
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3) an unsubstituted or substituted 
C^-Cg alKynyl radical; 

4) a C^-C^ cycloalkyl radical in which 
the ring is substituted or 

5 unsubstituted and one or more atoBS may 

be replaced by a heteroaton; 

5) a C^-C^ cycloalkyl nethyl radical 

in which the ring nay be substituted 
and one or more atoms may be replaced 
10 by a heteroatom; 

6} an unsubstituted or substituted 
Cg-C^ cycloalkenyl radical: 

7) an unsubstituted or substituted 
bivalent C^-C^ alkylidene radical. 

IS optionally interrupted by a heteroatom. 

and joined to the heteroarylium group 
to form a ring which is carbocyclic or 
in which one or more atoms is replaced 
by a heteroatom. The new ring may 

20 contain one or more double bonds: 

8) an unsubstituted or substituted phenyl 
or heteroaryl radical: 

9) an unsubstituted or substituted phenyl 
(C^-C^ alkyl) or heteroaryl 

25 **^i~^4 ^l^^yl) radical: 

10) a cyano (C^-C^ aUcyl) radical: 



30 



11) a carbamoyl (C^-C^ alkyl) radical: 

12) a hydroxy (C^-C^ alkyl) radical: 
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13) an amino (C^-C^ alkyl) radical in 
which the nitrogen atom is 
unsubstituted or substituted with one 
to three C^-C^ alkyl groups: 

14) an acidic side-chain of the structure 

- (CH,) -X- (CH,) -Y-A Where s 
z n £ m 

n- 0-4 
■1-0-4 

X - CHR*. CH-CH. pbeoylene (-C^^-X NH. N(CI-C4 tIkylX 
O. S. S-0. C-O.SO, SO^H. COy CONH.OCOy OC-O. NHOO; 
R» - H. 0(CI-C4 alkyl), NH^ NH(C1-C4 HkylX N(C1-C4 alkyl)_ 
CN. CONH, CON(Cl<M tlkyD^ COM, SO-NH_ 
SO/ni(Cl-C4 alkyl); 

Y - single bond. NH. N(CI-C4 alkyl). O. S; 

A » an acidic function such as carboxy (COjH) * 
phosphono IT^OIOTD^}, alkylphosphono { P=O{0H)- 
iCCCj^-C^ alkyl)]}, alkylphosphinyl rP=0{OH)- 
.(C^-C^ alkyl) J , substituted phosphoranddo 
[P=0(0H)NH(C3^-C^ alkyl) and P«0( 0H)NHR*] . 
sulfino (SO2H), sulfo (SO3H), S-tetrazolyl 
(CN^H), arylsulfonamido (SOjNHr'') and acylsul- 
fonanddes represented by the structures 
CONHSO2 (Cj-C^ alkyl), CORHSOjKCCj-C^alkyDj - 
S02NHCO(C^-C4 alkyl) and SOjHHCOr'*; 



R' 



aryl or heteroaryl as defined above; 
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wherein the substituents in the above definitions of 

are independently selected from the group 
consisting of the definitions of set out belov; 

4 

R is independently selected from: 

a) a trif luoromethyl group; 

b) a halogen atom; 

c) an unsubstituted or substituted 
Cj-C^ alkoxyl radical; 

d) a hydroxy group: 

e) an unsubstituted or substituted 
(C^-Cg alkyl) carbonyloxy radical: 

f) a carbamoyloxy radical which is 
unsubstituted or substituted on 
nitrogen with one or two C.-C^ 
alkyl groups; 

g) a C^-C^ alKylthio radical, 
C^-Cg alkylsulf inyl radical or 
C^-Cg alKylsulfonyl radical, each 
of which is unsubstituted or 
substituted on the alkyl group; 

h) a sulfamoyl group which is 
unsubstituted or substituted on 
nitrogen by one or two C^-C!^ alkyl 
groups; 

i) an amino group; 
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20 



2S 
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k) 
1) 

m) 



o) 
p) 

q) 

r) 



s) 



v> 
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i) a mono (C^-C^ alkyl) amino or 

di(C^-C^ alkyl )amino group, each of 



which is unsubstituted or substituted 
on the alkyl group: 

a formylamino group; 

an unsubstituted or substituted 

(C^-Cg alkyl )carbonylamino radical: 

a ^^1-^4 alkoxyl) carbonylamino 

radical: 

a ureido group in which the terminal 
nitrogen is unsubstituted or 
substituted with one or two C^-C^ 
alkyl groups; 

a (Cj^-Cg alhyl) sulfonainido group; 
a cyano group: 

a formyl or acetalized formyl radical; 
an unsubstituted or substituted 
(C^-Cg alkyDcarbonyl radical 
wherein the carbonyl is free or 
acetalized; 

an unsubstituted or substituted 

phenyl carbonyl or heteroarylcarbonyl 
radical; 

a hydroximinomethyl radical in which 
the oxygen or carbon atom is optionally 
substituted by a C^-C^ alkyl group; 

a (Cj^-C^ alkoxy)carbonyl radical; 
a carbamoyl radical which is 
unsubstituted or substituted on 
nitrogen by one or two C^^-C^ alkyl 
groups; 
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15 



w> an N-hydroxycarbanoyl or N(Cj^-C^ 

alkoxy}carbamoyl radical in which the 
nitrogen atom nay be additionally ' 
substituted by a C^-C^ alkyl group; 

x) s thiocarbanoyl group: 



y> an amidino group — ^M-R^ 
10 i 

.5 



R" 




Where R^, and R*^ are 



independently hydrogen. C^^-C^alkyl 
or wherein two of the alkyl groups 
together form a C^-C^alKylidene 
2^ radical optionally interrupted by a 

heteroatom and joined together to forn 
a ring: 



nrS 

25 z) a carboxamidino group c ^ where 

5 6 7 
R « R and R are as defined 

above; 

30 aa) * guanidinyl group where R^ in ab) 

above is NR®R^ and R® and R^ 
are as defined for R^ through R^ 
above. 
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ab) hydrogen; 

ac) an unsubstituted or substituted 
Cj-C^ alkyl radical: 

ad) an unsubstituted or substituted 
C^-C^ alkenyl radical: 

ae) an unsubstituted or substituted 
Cj-C^ alkynyl radical; 

af) a C^-C^ cycloalkyl radical in which 
the ring is substituted or 
unsubstirt^uted and one or more atoms may 
be replaced by a heteroatom: 

ag) a C^-C^ cycloalkyl methyl radical 

in which the ring may be substituted 
and one or more atoms may be replaced 
by a heteroatom: 

ah) an unsubstituted or substituted 
^5"^7 cycloalkenyl radical; 

ai) an unsubstituted or substituted phenyl 
or heteroaryl radical; 

aj) an unsubstituted or substituted phenyl 
• alkyl) or heteroaryl 

CC^-C^ alkyl) radical; and 
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an acidic side-chain of the stmcture 
-A or -(CH2)^-X-(CH2)j„-Y-A where: 

n - 0-4 
m - 0-4 

X - CHR*. CH-CH. pbenylene (-C^^-). NH. N(Ci-C4 tlkyl). 
O, S. S-O. C-O.SOy SO^. CO, CONH.OCO, OC-O, NHC-O; 

R* - H. 0(C1-C4 »lkyl), NH, NH(C1-C4 «Ikyl). N(C1-C4 alkyl), 

CN. CONH,. CON{Cl-C4 alkyl)y CO^, 
S0,NH(C1-C4 «lkyl); 

Y - single bond, NH« N(C1-C4 alkyl), O, S; 

A » an acidic function such as carboxy (CO2B) , 
phosphwjo rP-0(OH)2], alkylphosphono { P=o{OH)- 
^C(C^-C^ alkyDJ}, alJcylphosphinyl rP=0(OK)- 
<^-C^ aikyl)], substituted phosphorainido 
rP-0(QH)NH(C^-C^ alkyl) and P-Of CH)KHK*), 
sulfino (SOjH) , sulfo (SO3H) , 5-tetrazolyl 
(CN^H), arylsulfonamido (SO2NHR'') and acylsul- 
fonamides represented by the structures 
CONHSOj (Cj-C^ alkyl), COJTHSOjN (C^-C^alkyl) 3 - 
SOjNHCOCC^-C^ alkyl) and S02NHC0r'^; 

R « aryl or heteroaryl as defined above; 
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Y is 



10 



15 



20 



30 



selected from: 



i) 



ii) 



COOH or a pharnaceu' 
tically acceptable 
ester or salt thereof, 
COOR^ wherein is 
a renovable carboxy 
protecting group* 
iii) COOK wherein H is an 
alkali metal, or 
iv) cocP: provided that 
when y is other than 
iv) a counter ion 
is provided. 
As used herein, the term "'heteroatom** neans 
nitrogen, oxygen, or sulfur, independently selected 
where more than one heteroaton is involved. 

Representative L groups are -CH^-* 
•CH(CH^)-. -CHCC^H^)./ -(CH2>2.4. 
-CH(CH^)-CH2-, CH^-CHCOCH^)-. 
-CH C CH^ ) - ( CH^ ) 2- . -CH ( CH^OH ) -CH^ - . 
•CHCCF^j-CH^.. -CH^-CH^-S. -CH^-CH^-O. 

•CCH2)2-S-CH2-* -(CH^jj-O-CHj. a single 
covalent bond, and the like. 

A preferred L group is a substituted or 
unsubstituted C^-C^ linear or branched chain 



25 alXyl. 



A more preferred L group is -CHj-. 



«CH(CH^)- or (CH2)2~- 



Examples of useful R groups are -CH: 



-0 

CHj-COOCj^-Cj alkyl. -ica2^2~**^^l~^i alkyD^. 



3' 
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25 



N~N 



-CH^-COOH. -(CH2)2-SO^H. -CH^. 



I 

-(CH2)2-N(CH3)3 and the like. 

Preferred groups are the C^-C^ 
alkyls. both substituted and unsubstituted. 

Preferred substituents are CN, 



CONtCHj)^. CONHj. SOCHj. SO^CH^. CO^H. 

-/"II 



10 SO^H, SO^NH^ ana 



N 

I 

H 



4 

IS Examples of useful R groups are OH* 

NH^. N(C -C^alkyl). OC -C^alkyl, 
C^-C^alkyl, CN. CF^. CH^OH and the like. 

Preferred groups are CO^H, 
CH2C62H. SO^H. CH^SOjH. CONH^* 

20 CH^CONH^. CN. CH^CN. SO^NH^ 



N N 

II . CH^PCOXOCH^) and the like. 
^N — N HO 



The 4 H^- noiety is mono* or bicyclic 



quaternary heteroaryl group having 5-11 ring atoms of 
which, in addition to the quaternary up to four 
30 can be heteroatoms. 
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Of particular interest and the most preferred 
group are compounds of the present invention wherein 
the substituent m the N-containing mono- or 
bicyclic quaternary heteroaryl group in the 2- 
position is an acidic function as defined above 
and the Y substituent in the 3-position is COO^ 
as defined above, thus forming a zwitterion with 
the positive charge of the quaternary nitrogen. 
The acidic function is anionic and the cona>ounds 
are thus anionic zwitterions, i.e., they have a 
net negative charge. This novel characteristic 
has been found to result in at least one surprising 
and important iiEprovraaent in the biological 
prc^erties of the conpounds reduced CNS side-effects. 
A more particular group of the conpounds. those wherein 
the acidic function is a sulfoallcyl group of the 
formula {c^_^ alkyDsOj®, have been found to have 
the additional surprising and important biological 
property of enhanced potency against Pseudomonas 
species, an especially important nosocomial 
pathogen. In this most preferred group of compounds, 
it is preferred that the N-containing mono- or 
bicyclic quaternary heteroaryl group in the 
2-position is pyridinium. 
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A preferred s-L— fr^^^- group is 
i^onocyclic heteroaryl having 5-6 ring atoms and * 
optionally one heteroatom additional to the N atom 
already present, e.g.. 



10 






15 



V 



R" 
I 

N 



and 



V 




3 4 

Where R and R are as defined in the preferred 
20 list above* 

A nore preferred subclass includes the 
nuclei shown above where R^ is CH^ and R^ is 
CH3. 

The conpounds of Formula I include inner 
25 (Zwitterion) salts when Y is COO® e.g. 



30 




■»» 
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or. vhen Y is other than COO®, salts with an 
external, physiologically acceptable counterion 
feuch as CI® Br®, I®. OCH® 
OSOjCP*, 0P(0)(0 phenyl)® and the like. 
5 The inner salts are preferred. 

Again* the compounds of Pornula I include 
the stereoisomers as mixtures and as separate isomers. 

A preferred isomer configuration is: 



10 OH 




15 la 

The compounds of the present invention (I) 
are valuable antibiotics active against various 
Gram-positive and Gram-negative bacteria and 

20 accordingly find utility in human and veterinary 
medicine. Representative pathogens which are 
sensitive to antibiotics I include: Staphylococcus 
aureus. Escherichia coli . Klebsiella Pneumoniae , 
Bacillus subtilis. Salmonella tvohosa , Pseudomonas 

25 and Bacterium proteus . The antibacterials of the 

invention are not limited to utility as medicaments; 
they may be used in all manner of industry, for 
example: additives to animal feed, preservation of 
food, disinfectants, and in other industrial systems 

30 where control of bacterial growth is desired. For 

example, they may be employed in aqueous compositions 
in concentrations ranging from 0.1 to 100 parts of 
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antibiotic per million parts of solution in order to 
destroy or inhibit the growth of harmful bacteria on 
medical and dental equipment and as bactericides* in 
industrial applications, for example in vaterbased 

5 paints and in the white water of paper mills to 
inhibit the growth of harmful bacteria. 

The compounds of this invention may be used 
in any of a variety of pharmaceutical preparations. 
They may be employed in capsule, powder form, in 

10 liquid solution, or in suspension. They may be 
administered by a variety of means: those of 
principal interest include: topically or parenterally 
by injection (intravenously or intramuscularly). 

Compositions for injection, a preferred 

IS route of delivery, may be prepared in unit dosage 
form in ampules, or in multidose containers. The 
compositions may take such forms as suspensions » 
solutions, or emulsions in oily or aqueous vehicles, 
and may contain formulatory agents. Alternatively. 

20 the active ingredient may be in powder form for 
reconstitution. at the time of delivery, with a 
suitable vehicle, such as sterile water. Topical 
applications nay be formulated in hydrophobic or 
hydrophilic bases as ointments, creams, lotions. 

25 paints, or powders. 

The dosage to be administered depends to a 
large extent upon the condition and* size of the 
subject being treated as well as the route and 
frequency of administration — the parenteral route 

30 by injection being preferred for generalized 

infections. Such matters, however, are left to the 
routine discretion of the therapist according to 
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principles of treatment well known in the antibiotic 
art. In general* a daily dosage consists of from 
-about 5 to about 600 ng of active ingredient per' kg 
of body weight of the subject in one or more 

5 treatments per day. A preferred daily dosage for 
adult humans lies in the range of from about 10 to 
240 mg of active ingredient per kg of body weight. 
Another factor influencing the precise dosage 
regimen, apart from the nature of the infection and 

10 peculiar identity of the individual being treated, is 
the molecular weight of the chosen species of this 
invention (i). 

The compositions for human delivery per unit 
dosage, whether liquid or solid, may contain from 

15 O.ix to 99\ of active material, the preferred range 
being from about 10-60\. The composition will 
generally contain from about 15 mg to about 1500 mg 
of the active ingredient; however, in general, it is 
preferable to employ a dosage amount in the range of 

20 from about 250 mg to 1000 mg. In parenteral 

administration, the unit dosage is usually the pure 
compound I in sterile water solution or in the form 
of a soluble powder intended for solution. 

The preferred method of administration of 

25 the formula I antibiotic is parenteral by i.v. 
infusion, i.v. bolus, or i.m. injection. 

For adults. 5-50 mg of Formula I antibiotic 
per kg of body weight given 2. 3. or 4 times per day 
is preferred. Preferred dosage is 250 mg to looo mg 

30 of the Formula I antibiotic given two (b.i.d.) three 
(t.i.d.) or four (q.i.d.) times per day. More 
specifically, for mild infections, and particularly 
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urinary tract infections* a dose of 250 mg t.i.d. or 
q.i.d. is recommended. For moderate infections 
i^gainst highly susceptible gram positive and graft 
negative organisms* a dose of 500 mg t.i.d. or q.i.d. 

5 is recommended. For severe, life-threatening 

infections against organisms at the upper limits of 
sensitivity to the antibiotic* a dose of 1000 t.i.d* 
or g.i.d. is recommended. 

For children, a dose of 5*25 mg/kg of body 

10 weight given 2* 3* or 4 times per day is preferred: a 
dose of 10 mg/kg t.i.d. or g.i.d. is usually 
recommended . 

Antibiotic compounds of Formula I are of the 
broad class known as carbapenems or l*carbade- 

IS thiapenems. Certain of these carbapenems are 

susceptible to attack by a renal enzyme known as 
dehydropeptidase (DHP). This attack or degradation 
may reduce the efficacy of the carbapenem antibiotic. 
Inhibitors of DHP and their use with carbapenem 

20 antibiotics are disclosed in the prior art [see 
published European Patent Applications No. 
79102615.6, filed July 24. 1979 (application no. 
15573} and No. 82107174.3* filed August 9* 1980 
(application no. 72014)]. 

25 The present I compounds may* where DHP 

inhibition is desired or necessary* be combined or 
used with the appropriate DHP inhibitor as described 
in the aforesaid published applications. Thus* to 
the extent that the cited European patent applica- 

30 tions 1.) define the procedure for determining DHP 
susceptibility of the present carbapenems and 2.) 
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aisclose suitable inhibitors* combination composi- 
tions and methods of treatment • they are incorporated 
herein by reference. A preferred weight ratio of Z 
compound :DHP inhibitor in the combination composi- 
S tions is about 1:1. A preferred DHP inhibitor is 
7-(L-2-amino-2-carboxyethylthio)-2-{2.2-dimethyl- 

cyclopropanecarboxamide)-2-heptenoic acid or a useful 
salt thereof. 

These combination compositions and their use 
10 is another embodiment of the present invention. 

The compounds of Formula Z may be prepared 
by any convenient process. 

One such process is illustrated in the 
following reaction equations: 

15 

HO 



20 



25 




30 CO^R* 
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2S 



wherein Z is a leaving group such as -OPOCOd)^* 



20 OSO^-^"^^,— CHg , OSO^CF^ 

and the like, X is a leaving group such as Br. I. OSO CP 



or X is an anionic group 



such as BP^« SbP.« PP. and the like: and is 

a protecting group such as p-nitrobenzyl or allyl. 

3 4 
R « L and R are as defined above. 

The side chain addition reaction is carried 

30 out in a solvent such as acetbnitrile, 

dimethylfornamide. dimethylacetamide or N-ethyl- 

pyrrolidinone in the presence of a base such as 
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N,N-diisopropylethylanine. triethylanine or 
4-diiiiethylaininopyridine at a temperature of fro» 
MO»C to 25»C for a period of five minutes to ten 
hours. The alkylatioh reaction is conducted in a 

5 solvent such as dichloromethane. dimethylf ormamide, 

acetonitrile or dimethylacetamide at a temperature of 
from -20«c to 25»C for a period of i to 24 hours. 
The deblocking reaction wherein R» is p-nitrobenzyl 
is usually conducted in an aqueous system containing 

10 cosolvents such as tetrahydrofuran. ethanol. 

n-butanol. i-amyl alcohol, or ethyl acetate and a pH 
6.8 to 7.0 aqueous buffer. Suitable buffers include 
phosphate buffers and buffers derived from non- 
nucleophilic amines such as N-methylmorpholine or 

15 morpholinopropane sulfonic acid. The reaction is 
conducted at 0»C to 40»C for 0.5 to 5 hours under 
1-100 atmospheres of hydrogen in the presence of a 
catalyst such as lot palladium on carbon or 20\ 
palladium hydroxide on carbon. The final products 

20 are purified by ion exchange chromatography and/or 
reverse phase chromatography. When a pharmaceu- 
tically acceptable ester of the final product is 
desired, the deblocking step is omitted and the 
appropriate group is incorporated into the 

25 starting material. 



30 
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A second process is illustrated by the 
following set of equations: 




wherein X. L, R*, R and and R are 

as defined above. 
30 The difference between the above process and 

that earlier described is that the side chain moiety 
is alkylated with the group R^ prior to addition to 
the carbapenen nucleus. The side chain addition step 
and deblocking are conducted as described above. 
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£. A third process is illustrated by the 

following set of equations: 




30 CH 



(reaove R*) 
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(R )i_3 



3 4 

10 wherein Z. X, L. R*, R and R are as previously 
defined. 

In this case the 2-*iDercapto intermediate is 
generated fron the activated carbapenen upon 
exposure to sodium hydrosulfide in dimethylf ormamide 

15 or dinethylacetamide at a temperature of fron •-SCC 
to -20^C for a period of five minutes to one hour. 
The sulfur atom is alkylated in a solvent such as 
acetonitrile. dimethylf ormamide, dimethylacetamide or 
the iiKe in the presence of a base such as 

20 N.N-diisopropylethyl amine* triethyl amine. 

4-dimethylaminopyridine or the IiKe at a temperature 
of from -40*C to 25*C for a period of from ten 
minutes to eight hours. The side chain alkylation. 
removal of R"" and purification of X is conducted as 

25 described above. 
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Wherein Z. X. B^. and are a6 previously 
defined. 

The difference between thic process and- that 
described in process C is that the side chain moiety 
»5 is alkylated with the group prior to addition to 

the carbapenem nucleus. The side chain addition step 
and the deblocking are conducted as described above. 

The following examples illustrate the 
preparation of compounds of Formula I. The 
10 temperature is in degrees Celsius unless otherwise 
indicated. 

EXAMPLE 1 

Step A. 

15 Preparation of p-Nitrobenzyl (5R.6S)-6-(l(R)-hydroxy- 
ethyl)-2- {2-pyridylTOethylthio)--carbapen-2-em-3- 
carboxvlate 2. — 
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A solution of vinyl phosphate 1 (2.32 g. 4 
Bunoles) in anhydrous acetonitrile is cooled to -20» 
tice-methanol) under a nitrogen atnosphere and 
treated with 2-aercaptoinethylpyridine (0.554 »l, 5.0 

5 moles) and diisopropylethylanine (0.871 »1. 5.0 

wBoles). The resulting Mixture is stirred at -20 to 
-15* for 60 ninutes during which tine a precipitate 
formed. The nixture is diluted with ethyl acetate 
(16 ml) and aged at -IS* to for 30 minutes. The 

10 precipitate is collected, washed with ice-cold ethyl 
acetate and dried in vacuo to give the product (1.095 
g) as a white solid. 

The filtrate and washings are diluted with 
ethyl acetate, washed with O.IM pH 7 phosphate buffer 
15 two times and brine, dried over magnesium sulfate, 
filtered and concentrated to a semisolid. This 
material is triturated with ethyl acetate and ether 
two times and dried in vacuo to yield an additional 
0.498 g of product. Total yield of 2. is 1.593 g, 87%. 



25 
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Step B, 

(Preparation of {5R.6S)-6-(i(R).hydroxyethyl)-2-(l- 

«ethyl-2-pyridiniuni)»ethylthio-carbapen-2-ero-3- * 
carboxvlate 4> 

5 

HO HO 



ID 




Pd 

HO 



20 




To a magnetically stirred solution of 2 
25 (0.853 g. 1.B7 fiunole) in 15.3 nl of dichloronethane 
is added nethyl f luorosnlf onate (0.160 nl. 1.97 
mnole) at room temperature. The reaction is followed 
by UV assay of removed aliquots of the solution. 
After two hours, a yellow oil separates and the UV 
30 absorbance at 318 nm of the dichloromethane layer 

drops ^to 4\ of original. The upper layer is decanted 
and the lower layer washed two times with 5 ml 
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portions of diehloromethane. The rftsidual oil is 
assayed by UV for 2 then pumped to a foan ifi vacuo . 
The crude 3 thus produced is dissolved in a nixture 
of 6 ni of N.N-dimethylacetamide. 37 ml n-butanol. 19 

5 ml ethyl acetate and 37 ml O.SN N-methylmorpholine-HCl 
PH 7.0 buffer and 280 mg of 20\ palladium hydroxide on 
carbon added. The mixture is hydrogenated at 42 psi 
with shaking for 70 minutes. At the end of this 
period, the mixture is removed, filtered through a 

10 prewashed celite bed with 5 to 10 ml water and the 

organic phase discarded. The aqueous phase is washed 
with 2 X 50 ml of diehloromethane and concentrated In 
V^?V9 » volume of 23 ml. The solution of crude 
product is charged onto a 2.8 X 38 cm column of Dowex 

15 50-X4 {Na* cycle) at 5» and eluted with water. The 
eluate is monitored by UV and fractions containing 
the desired product are pooled, concentrated to 150 
ml and lyophilized to yield 272 mg of final product «. 

20 Step C. 

Preparation of l-methyl-2-mercaptomethyl-pyridinium 
perchlorate 7. 

5 



2360P/oe40A 

2361P/0840A -36- 




0167139 

2360P/0840A 

2361P/0840A -37- 16330IK 

To a solution of 2-*picolyl chloride 
hydrochloride (5.00 30.5 nmol) and potassium thio 
acetate (4.18 36.6 miiiol) in 50 ml N.N-dimethyl- 
fornajDide* triethylamine (4.25 nl, 30.5 nmol) is 

5 ^dded slowly to yield a pink solution. The mixture 
is heated to 80^ and held there for 2 hours* after 
which time the solvent is removed in vacuo to yield a 
brown oil. The residue is taken up in ethyl acetate, 
washed with water and brine* dried over magnesium 

10 sulfate, filtered and concentrated to yield crude £ 
as a dark oil (5.0 g). 

Thioester 5 (2.0 g. 12 mmol) is dissolved in 
10 ml N.N-dimethylformanide under nitrogen and methyl 
iodide (7.5 ml, 120 mmol) is added dropwise. The 

15 mixture is stirred 20 hours at room temperature, then 
the solvent is removed in vacuo to yield a brown 
powder which is triturated with dichloromethane, 
filtered and dried In vacuo to yield 2.21 g of £ as a 
tan powder. Additional material (1.07 g) is obtained 

20 by concentration of an aqueous extract of the 

dichloromethane wash from the trituration step, (nmr 
(D^O)^ 2.49 (s): 4.42 (s); 7.9 to 9.0 (m) . 

Pyridinium thioester 6 (102.7 mg. 0.33 mmol) 
is suspended in 0.63 ml 2N methanolic perchloric acid 

25 and stirred at room temperature under nitrogen for 66 
hours. The resulting tan suspension is filtered and 
the solid washed with ether to give 51.7 mg of thiol 
7 as a tan powder (nmr (0^0)^4.23 (s): 4.43 (s), 
7.8 to 8.6 (m). 

30 
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Step D 

Preparation of (5R.6S)-6-(i(R)_hydtoxyethyl)-2-(l- 

aethyl-2-pytldlniua)aethylthlo-carbapen-2-em-3- 
earboxvlate 4. 




20 £ 

TO a solution of vinyl phosphate 1 (58 ag. 
O.l mmol) and thiol 2 (34.9 ag) in 0.32 al of H.N- 
dinethylacetaalde at -20* under nitrogen is added 

25 N.N-diiBopropylethyianine (34.8 vl, 0.2 aaol). The 
mixture is aged 25 minutes at -20- then transferred 
directly to a hydrogenation vessel with 1.9 ml 
i-propanol. i.o ml ethyl acetate and 1.9 ml vater. 
Phosphate buffet (pH 7. o.lM. l.o ml) and 20% 

30 palladium hydroxide on carbon (15 mg) is added and 
the mixture hydrogenated at 46 psi for two hours. 
The catalyst is removed by filtration and the 
filtrate diluted with 5 ml ethyl acetate and 5 al 
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water. The aqueous phase is separated, washed with 
ethyl acetate, concentrated to ca. 1 ml in vacuo and 
(he product purified by chromatography on Dowex ' 
50 -X4 (Na***) as described above to yield 6.3 ng of 
5 product 4.. 

EXAMPLE 2 

Step A> 

Preparation of p-Nitrobenzyl (5R.6S)*6-(l-R-hydroxy- 
10 ' ethyl )--2-(3-pyridyl]Dethylthio)-carbapen-2-eiii«-3- 
carbbxvlate 8. 




25 



HO 




CO2PNB 



30 



8 



To a solution of p*nitrobenzyl (5R.65}-6-(lR- 
hydroxyethyl ) -2-diphenylpbosphonoxy-carbapen-2-en-3- 
carboxylate 1 (116 ag) in acetonitrile (0.3 ml) 
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cooled in an ice-bath, is added diisopropylethyl- 
anine (35 »1) and 3-Bercaptoinethylpyridine (25 yl). 
A precipitate forms within a few minutes. After' one 
hour ..the .mixture is diluted with nethylene chloride 

5 and filtered. The filter cake is washed with 
methylene chloride and dried by suction leaving 
substantially pure p-nitrobenzyl (5R.6S)-6-(l>B- 
hydroxyethyl)-2-(3.pyridylmethylthio) eaibapen-2.«n. 
3-carboxylate (52 mg). The combined filtrates are 

10 washed twice With pH7 phosphate buffer, dried over 

anhydrous magnesium sulfate and evaporated to give an 
additional 17 mg of crystalline product 8. Total 
yield 77\. TLC. silica gel. 5\ MeOH/CHCl . R • 
0,21. 



15 



20 



25 



30 



Step B. 

Preparation of (5R.6S)-6-(l-R-hydroxyethyl)-2- 
(l-methyl-3-pyridiniumnethylthio)-carbapen-2-em- 
3-carboxvlate 9. 
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To a suspension of p-nitrobenzyl (5R.6S)-6- 
(l-(R)-hydroxyethyl)-2-{3-pyridylinethylthio)-carbapen- 
2-ein-3-carboxylate (61 ng) in methylene chloride' (2 
ml) is added Bethyl fluorosulf onate (12 vl). The 
S mixture is stirred at roon temperature for one hour. . 
The solid changes appearance without dissolving. The 
solvent is evaporated in a stream of nitrogen leaving 
a powder consisting of p-nitrobenzyl (5H.6S)-6-(l-B- 
hydroxyethyl)-2-(l-»ethyl-3-pyridiniummethylthio)- 

10 cBrbdpen-2*-em-*3-carboxylate f luorosulf onate salt. 
This is dissolved in a mixture of B ml THF and 8 ml 
of O.OSH pH 7 phosphate buffer and hydrogenated in 
the presence of 40 mg of 10\ Pd/C catalyst at 4S psi 
for 2 hours* The catalyst is filtered and the 

15 filtrate is extracted once with 30 ml of ether. The 
aqueous solution is adjusted to pH 6.8 by the 
addition of solid sodium bicarbonate and applied to 
an ice-water jacketed column (1.5 X 24 cm)of Dowex 
50. Na**^ cycle resin (200 to 400 mesh). The column 

20 is eluted with de*ionized water taking 20 ml 
fractions. Fractions 6 to 10 are combined, 
concentrated to 10 ml and lyophilized giving the 
titled product £ as a cream colored powder (50 mg). 
U.V.^max at 265 and 296 nm of equal intensity E\ 

25- 233« 86% NH^OH extract. NMR (D^O)^ 1.26 (d, 

J.6.5 Hz), 3.02 (dd. J«9 and 18 HZ). 3.15 (dd. J«10 
and 18 Hz). 3.39 (dd. J«2.8 and 6Hz ) . 4.2 (m). 4.3 
(ABq). 4.4 (S). 8.04. 8.57. 8.9 (ar). 
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5 



HS 



V 




10 



10 

To an ice^cooled solution of 4-thioiDethyl* 



thiazole (29, 0.01S2 siole) in methylene chloride (20 
ml) is added tr iethylanine (2.1 nl, 0.0152 mole) and 

15 acetyl chloride (1.08 ml» 0.0152 mole). A 

precipitate forms immediately and after 10 minutes 
the mixture is filtered* washed twice with pH 7 
phosphate buffer* dried over anhydrous magnesium 
sulfate and evaporated. Distillation of the residue 

20 at 7jiiin/117-119"C gave 2.23 g of the title compound as 
a clear liquid. 86t yield. 

Step B. 

Preparation of 3-methyl-4-thiomethylthiazolium 
25 perchlorate 11. 




CR 



3 
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To an ice*cooled solution of 
4-acetylthiomethylthia2ole (ig, 0.0058 mole) in 
;»cetonitrile (5 ml) is added methylf luorosulf onate 
(0.49 ml, 0.0058 mole) dropvise. The reaction is 

5 warmed to room temperature and gives 1.5 g of a white 
solid upon treatment with ether. The solid is 
suspended in methanolic 2N HCIO^ and slowly 
dissolves over 18 hours at room temperature* The 
title compound (0.23g. 84\ yield) is collected upon 

10 addition of ether. 
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10 



15 



Step c. 

Preparation of p-nltrobenzyl (5R.6S)-6-(l-8.hydcoxy- 

•thn)-2-(4.thiazolyl.ethylthio)-carbapen.2-e».3: 

carboxvlate ^ 

, K ^-"^^"^^^'^'yl <".6S)-6-(l-R.hydroxyethyl)- 

2-dlphenylph06phoncxy-cacbapen-2-em-3-carboxylate 1 
(0.406 q. 0.70 BBoles) Is dissolved in anhydrous 
acetonitrile (3 cc) and is cooled in an ice-bath 
under N^. Dlisopropylethylamlne (122 wl. 0.70 
-unoles) and 4-thiomethylthia,ole (70 vl. o.70 m«oles) 
are added simultaneously and a precipitate for«. 
within a few minutes. After 30 minutes the mixture 
is filtered and the collected solid Is washed with 
•thyl acetate giving 0.21 g of the title compound 12. 
yield 69%. 



20 



Step D. 

Preparation of (5R. 6S)-6-(l-R.hydroxyethyl)-2-(3. 

methyl.4-thia2ollummethylthlo)carbapen-2-em-3- 
carbQ»vl«f^ ^■» 



25 




11 



COjPNB 




13 



of c^® 



30 



To an ice-cooled suspension of p-nitro- 
benzyl (SR. 6S)-6.(l-R-hyaroxyethyl)-2-(4-thiazolyl. 
«ethylthio)-carbapen.2-em-3.carboxylate 12 (.45 g 
O.l mmoles) in acetonitrile (icc) is added methyl' 
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f luorosulf onate (8.5 pi, 0.1 nmoles). The mixture is 
varmed to room temperature and the solid gradually 
dissolved over 30 minutes. The solvent is then ' 
evaporated in a stream of nitrogen and the resulting 

5 semi-solid is dissolved in tetrahydrofuran (8 nl)« pH 
6.5 phbspbate buffer (4 ml) and H^O (4 ml) and is 
hydrogenated for 2 hours at 45 psig in the presence 
of lot Pd/C (50 mg). The catalyst is filtered and 
the filtrate is washed once with ether* The aqueous 

10 layer (pH 6.2) is concentrated to 5cc and is placed 
on a column (27.5 x 1.6 cm) of Dowex 50W-X4 200-400 
mesh sodium-cycle resin. The column is eluted vith 
de-ionized water and the fractions between 100 ml and 
270 ml are collected, concentrated to 8 cc and 

15 lyophillized to give 10 mg of H as a light yellow 
*powder. 

UV (H^O) \ tBiax at 245 and 295. 

NMR (selected resonances) (D^O) ^ 1.28 (3H. d. 
J<6.5Hz)« 3.42 (IH. dd. J-2.8. 6.1 Hz), 4.25 (3H« s). 
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Step E. 

(5R.6S)-6-(l-R-hydroxyethyl)-2-(3.methyl-4-thiazoliv0 
»ethvlthio)-earbapen-2-ein-3-carboxvlate 13. ]_ 



(l-R-hydroxyethyl)-2-diphenylph05phonoxy-carbapen- 
2>em-3-cacboxylate 1 (7.43 g. 0.0128 nole) in N.K- 

25 dimethylacetamide (38 nl) is cooled to -20»C in an 
ethylene glycol /H^O/dry ice mixture and is treated 
with 3-inethyl-4-thionethylthiazoliuin perchlorate 11 
(3.13 g, 0.0128 mole) and diisopropylethylanine (2.2 
g. 0.0128 mole). After 30 minutes the reaction 

30 Bixture is added to butanol (200 cc). ethyl acetate 
(120 cc), de-ionized water (200 ec) and pH 6.8 0.5N 
N-nethylnorpboline buffer (350 cc) and is 
hydrogenated for 2 hours in the presence of 5 g of 





A solution of p-nitrobenzyl (5R.6S)-6- 
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20% Pd(0M)2/C. The catalyst is filtered and the 
filtrate is washed several tines with methylene 
chloride. The pH is adjusted to 6.7 with solid * 
sodium bicarbonate and the aqueous layer is placed on 
5 a (9.75 X 23 cm) Dovex 50W-X4 200-400 nesh sodium 

cycle column. The column is eluted with de-ionized 
water and a center-cut fraction is taken* 
concentrated and lyophilized to give 3.1g of the 
title compound jL3 as a light yellow powder. 

10 

EXAMPLE 4 

Step A : Preparation of p-^Nitrobenzyl (5R.6S)-2-(4- 
pyridylmethylthio)-6[l(R)-hydroxyethyl]- 
carbapen-2-em-3-carboxvlate C14) 




A suspension of p-nitrobenzyl (5R,6S)-2- 
25 (diphenylphosphono)oxy-6[l(R)-hydroxyethyl]-carbapen-2- 
em*3*carboxylate (2.50 g. 4.31 mmol) and 4-pyridine- 
methanethiol hydrochloride (0.73 g,* 4.52 mmol) in 
anhydrous acetonitrile (9.0 ml) was cooled in an 
ice--water bath and treated with N,N-diisopropyl- 
30 ethylamine (1.6 ml^ 9. OS mmol). A solution formed 
which rapidly developed into a suspension. After 
stirring at 0** for 30 minutes, the suspension was 
filtered and the white solid washed with cold 
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*cetonitrile and vacuum dried to provide the title 
compound 14 (1.71 g). 

.4IMR (DMSO dg)/l.l3 (d. J.6.3H2. CU^CH} , 3.1-3.4' 

(m, CHCH^. H6), 3.95 (sextet. J 6H2. CgOH). 4,13 
5 (dt. J-9.4. 2.7H2, H5). 4.25 (ABq. J.14.2Hz. SCH-). 

5.09 (d. J.4.9Hr. CHOfl). 5.38 (ABq. J-14.2H2. 

CHjAr). 7.41 (dd. J-4.5. 1.5H2, pyr), 7.70 (d. 

J-8.8HZ. Ar). 8.24 (d. J.8.8H2, Ar), 8.55 (dd. J.4.5. 

1.5Hz. pyr). 
10 IR (Nujol) 3150. 1785. 1680, 1595 c»~* 

UV (p-dioxane) ^ max 319 nn (6.12.700). 

265 nn (£12.800) 

n.p. 159-l60*(dec) 

15 Step B: Preparation of p-Nitrobenzyl (5R.6S)-2-(l- 

inethyl-4 -pyr idiniunmethy 1 thio ) -6 t 1 (R ) -hydroxy- 
ethyl ]carbapen-2-en-3-earboxylate f luoro- 
sulfonate fl5> 




A suspension of p-nitrobenzyl (5R.6S}-2-(4- 

pyridiniuinmethylthio)-6(i(R)_hyaroxyethylJcarbapen-2- 
em-3-carboxylate 14 (1.70 g. 3.73 romol) in 
30 dichloromethane (37 ml) was cooled in an ice-vater 
bath and treated with methyl f luorosulf onate (0.32 
■I. 3.93 mmol). After stirring at 0* for 1 hour, the 
reaction had deposited a viscous yellow oil. The 
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dichloxonethane was decanted and the residue washed 
with dichloronethane and briefly pumped under 
.vacuum. The residue vas triturated with i-propanol 
to give a yellow solid which was recovered by 
5 filtration and vacuum dried to afford the title 
compound 15 (2.08 g). 

NMR (DMSO-dg)<^ 1.12 (d, J«6.2Hz. CH^CH) . 3.12 
(dd. J-18.6. 8Hz. CHCH^Hg). 3.3 (dd. J. 18. 6. 
lO.OHz. CHCH^Hg), 3.30 (dd. J-6.3, 3Hz. H6). 3.95 
10 (p. J 6HZ. CHOH), 4.11 (dt. J«9.3Hz. H5). 4.31 (s. 
NCHj). 4.50 (S. CHg. Pyr), 5.38 (ABq. J»14.2Hz. 
CHjAr). 7.71 (d. J.8.7HZ. ArNO^). 8.13 (d. 
J-6.6HZ. pyr). 8.25 (d. J.8.7RZ. ArNO^). 8.91 (d. 
J.6.6HZ. Pyr). 

15 IR (Nujol) 3520. 1765, 1690. 1645. 1600 cm"^ 
UV (HeOH) Xnax 314 (£11.000). 262 (£13.200) 

Step C ; Preparation of p-Nitrobenzyl (5R.6S)-2-(l- 

methyl-4-pyridiniummethylthio)-6(l(R)-hydroxy- 
20 ethvl learbapen-2-em-3-earboxvlate (16) 



25 




HO 
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A solution of p-nitrobenzyl (5R,6S)-2-(l- 
»ethyl-4-pyridiniuiMiiethylthio)-6H(H)-hydroxyethylJ- 
carbapen-2-eiD-3-carboxylate 15 (1.90 g. 3.34 minol) in 
N-ethylpyrrolidihone (19 b1) was nixed with n-butanol 

5 (66 ml), ethyl acetate (32 b1), water (66 Bl). and 
0.5M pH 7.0 N-BethylBO£pholine-hydcochloric acid 
buffer. The resulting two phase aixture was treated 
with 20\ palladiuiB hydroxide on carbon (1.9 g) and 
hydrogenated on a Parr shaker at 45 psi for 75 

10 Binutes. The Bixture was filtered through a celite 
pad and the organic phase which separated was 
discarded. The aqueous phase was washed twice with 
di«hloronethane and concentrated under vacuus to ca . 
48 Bl. This solution was charged onto a colunn of 

15 Dowex 50W-X4 resin (sodiuB forB. 200-4OO Besh, 5.0 cb 
dianeter x 30 cn) which was eluted with water in a 
cold rooB at 20 b1 fractions/1.0 Binute. Fractions 
lOS-180 which contained product were eoBbined. 
concentrated under vacuus and lyophilized to afford 

20 the title coBpound li (189 Bg) as a light tan-colored 
fluff. 

NMR (D^O) ^ 1.25 (d, J.6.3H2. CH^CH) . 3.02 (dd. 
J-17.3, 8.7H2. CHCH^Hg). 3.07 (dd. J-17.3. 9.6H2. 
CHCHj^H^). 3.37 (dd. J.5.9. 2.7H2. H6). 4.11 (dt. 
25 J-9.2. 2.4H2. H5), 4.20 (p. J 6H2. CHOH). 4.36 (s. 
NCHj). 8.06 (d. J.6.7HZ. pyr). 8.71 (d. J.6.7HZ. 

pyr). 

IF (Nujol) 3350 (br). 1758. 1641. 1587 cb"* 
UV (water) X»ax 297 na (t7.710), 258 
30 (£^.850): (water ♦ NH^OH.HCl) 

extinguished ^nax 296 nB ( 6.850) 
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EXAMPLE S 

Step A: Preparation of p-Nitrobenzyl (5R«6S)-2-*(4<- 

pyridylthio)-6ll(R).hyaroxyethylJcarbapen-2- 
em-3-carboxvlate (171 ' 

5 




A solution of p-nitrobenzyl (SR. 6S)-6[1(R)- 
hydroxyethyl]-2-oxocarbdpendm-3(R)-carboxylate (200 

15 ng. ,0.574 nmol) in acetonitrile (0.60 ml) was treated 
at ice-vater bath temperature with diphenylchloro- 
phosphate (0.125 nl. 0.603 mmol) and N.N-diisopropyl* 
ethylanine (0.119 nl, 0.683 nnol). After stirring at 
C for 25 minutes, the reaction was treated with 

20 additional N.N-diisopropylethylamine (0.110 ml. 0.612 
mmol) and a solution of 4-mercaptopyridine (95.6 mg. 
0.816 mmol) in N.N-dimethylf ormamide (0.7 ml) and 
acetonitrile (2.2 ml). The reaction solution was 
stirred 3.5 hours at 0* and diluted vith ethyl 

25 acetate. The solution vas washed vith SX aqueous 
sodium bicarbonate solution, dried over anhydrous 
MgSO^p filtered, and evaporated under vacuum to 
provide the title compound as a foam (286 mg). 

The crude product vas chromatographed on a 

30 column of silica gel (29 g) eluted vith 10\ ethanol 
in ethyl acetate. Fractions containing compound 17 
vere combined and concentrated to a foam (147 mg) 
under vacuum. 
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NMR (DMSO-dg) ^ 1.09 (d, J«6.SHz. QijCH). 2.82 
(dd. J. 10.1. 1B.0H2. CHCH^B^). 3.05 (dd. J-8.3. 
18.0H2. CHCH^CHg). 3.38 (dd. J.3.0. S.BHz. H6). ' 
3.96 (sextet. J 6H2. CHOH). 4.15 (dt. J-3.0. 8H2. 
5 H5). 5.06 (d. J.5.0. H2. CHOil). 5.46 (ABq. J.14.0H2, 
CHjAr). 7.65 (dd. J-1.4, 4.5H2. pyr). 7.77 (d, 
J>8.9HZ. AtNOj). 8.30 (d. J.B.9H2. ArNO,). 8.65 
(dd. J.1.4. 4.5H2, pyr). 
IR (CHjClj) 1770. 1718. 1690 c»"^ 
»s 441 (M*). 330 (M* - CgHgNS), 246 (330 - 
C4H4O2). Ill (246 - C^HjNOj). 



10 



Sl£E_fi: Preparation of p-Nitroben2yl (5R. 6S)-2-(4- 

pyridylthio)-6CltR)-hydroxyeihyl]carbapen-2- 
15 ein-3-carboxvlate fl9t 



20 



12 




CO^PNB 




A solution of p-nitrobenzyl (5R.6S)-2-(4- 
pyridylthio)-6ti(R)-hydroxyethyl)-carbapen-2-em-3- 
carboxylate H (70 mg. 0.17 nnol) in dichlororoethane 



2360P/0840A 
2361P/Oe40A 
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(3.0 ml) was stirred in an ice-vater bath and treated 
with methyl f luorosulf onate (21 vl# 0.26 mmol). 
After stirring 15. minutes* the cold solution was 
mixed with ether ( 10 ml) and filtered. The 

S recovered quaternary salt 18. was dissolved in 

tetrahydrofuran (3.5 ml) and aqueous O.IN pH 2.1 
phosphate buffer (3.5 ml). The solution vas treated 
with 10\ palladium on carbon and hydrogenated on a 
Parr shaker at 45 psi for 1 hour. The catalyst vas 

10 removed by centr if ugation and the decanate va^i diluted 
vith water (2 ml)« and washed with ethyl acetate. 
The aqueous phase was briefly concentrated under 
vacuum to ca. 5 ml and charged onto a column of Dowex 
S0W-X4 (sodium form* 200-400 mesh* 1.5 x 36 cm). The 

15 column was eluted with water in a cold room at 6.0 ml 
fractions/2.5 minutes. Fractions 27 to 47 which 
contained product were combined* concentrated under 
vacuum* and lyophilized to afford the title compound 
19 (7 mg). 

20 NMR (D^O)^ 1.30 (d, J.6.5H2. CHCH^)* 3.08 (dd* 
J-8.9* 17.8H2. CHCH^Hg). 3.22 (dd* J«10.0* 
17.8H2. CHCH^Hg)* 3764 (dd* J-3.1* 6H2* H6)* 4.25 
(8* N-(n]^)* 4.30 (p. J 6Hz* CHOH)^ 4.43 (dt* 
J»3.1* 9.5Hz* B5). 7.83 (d* J»7.5Hz* pyr)* 8.50 (d* 

25 J.7.5HZ*. pyr). 

UV (water) Xnax 303 nm (&9*820). 



30 
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EXAMPLE S 

Preparation of p-HitrobeDzyl (SR.6S)-6C1(R)- 
hydroxyethyl]2-[(i-Bethyl-5-imidazolyl}methyl- 
thiol ca rbapen-2-eB-3-ca r boxvlate f 20 ^ 



10 




OP(OC), 
CO^PNB 



WaHS 



PNB 



15 





20 A solution of vinyl phosphate 1 (674 ng. 

1.16 BiDol) in anhydrous M.N-dinethylf oraanide (IMP. 
3.9 ml) was cooled in a dry iee-aeetonitrile bath 
(-40-C) under a atmosphere and treated dropvise 
over 2 minutes with a solution of sodium hydrogen 

25 sulfide (68.4 mg, 1.22 mmol) in DMT (2 ml). The 
reaction mixture was treated with N.N-diisopropyl- 
ethylamine (0.647 ml. 3.72 mmol). stirred at -40«C 
for 20 minutes, then treated dropwise with a solution 
of l-methyl-4-chloromethylimidazole hydrochloride 

30 (203.6 mg. 1.22 mmol) in DKF (2.4 ml). After 
stirring an additional 20 minutes at -40*c. the 
reaction mixture was diluted with ethyl acetate (loo 
ml), washed with water (4 x 100 ml) and brine, dried 
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10 



-1. 



IS 



with HgSO^. filtered, and evaporated la vacuo to 
5ive a yellow-brown solid (367 mg). This material 
was triturated with 1:1 ethyl acetate-ether and dried 
Xj^ vacuo to afford the title eonpound 2fi, (2S0 mg» 
47%) as a yellow- bro%m solid. 
IR (Nujol) t/max 1769. 1690. 1517. 1333 cm~ 
UV (dloxane)^kinax 319 nm (e.12.600), 267 (11.900); 
NMR (CDCl3)5l.37 (d. J>6.3Hz. CH3CHOH). 3.14 
(dd. J-17.8 and 8.6Hz. CHCHaHb) , 3.21 (dd, J-2.7 and 
6.7Hz. H6). 3.42 (dd. J-17.8 and 9.7Hz, CHCHaHb), 
3.68 (s, NCHj), 4.03. 4.12 (ABq, J«14.6HZ. SCHj). 
4.25 (bV B5 and CH^CHOH). 5.23. 5.50 (ABq, 
J.13.8HZ, CHjAr). 7.00 (s. imidazole-H) . 7.47 (s. 
imidazole-H) . 7.65 (d, J«8.7Bz, 2 ArH) . 8.22 (d, 
js8.7Hz, 2ArH). 



20 



Step B ; Preparation of p-Nitrobenzyl (5B,6S)-6(1{R)- 
hydroxyethylJ2-[(l,3-diiDethyl-4-imidazollum)- 
methylthiolcarbapen-2-em-3-carboxylate f luoro- 
sulfate f2•L^ 



25 




CHJOSO2F 



CO2PNB 



2SL 
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A solution of cacbapenem derivative 20 
J223.6 mg. 0.49 mol) in anhydcous methylene chlpeide 
(10 «l) was cooled in an ice-bath and stirred under a 
nitrogen atmosphere while a solution of avthyl 

5 fluorosulfate (0.042 ml. 0.52 mmol) in methylene 

chloride (2 ml) was added dropwise over S minutes. K 
gummy precipitate formed which, on continued stirring 
at 0»C. gave way to a fine, cream colored solid. 
After 30 minutes, the solid was collected, washed 

10 with methylene chloride (2 x 10 ml), and dried is, 

Xa£U£ to give 21 (228 mg) as a cream colored powder. 

IR (NujoDlTmax 1767, 1691. 1620, 1290 cm"^; 

UV (10:1 dioxane-water) ^max 316 nm (€.12.500). 271 

(11.300). 

15 

ste£_c: Preparation of (SR. 6S)-6[l(R)-hydroxyethyl J- 
2-[(1.3-dimetbyl-4-ifflida2oliun)Dethylthio]- 
carbape n-2-em-3-carboxvlate f22\ 




21 



2360P/O84OA 
2361P/0840A 

The Lmidazolium salt £1 (221 mg* 0.386 mmol) 
was taken up in a mixture of n-butanol (20 ml)* .ethyl 
acetate (10 ml), water (20 ml}« and 0.5H pH 6.8 
N-metbylmorpholine-^hydrochloric acid buffer (10 ml). 

5 treated with 20% palladium hydroxide on carbon (100 
mg). and hydrogenated at 45 psi for one hour. The 
mixture was filtered through a celite pad to remove 
the catalyst which was washed with additional water. 
The aqueous, portion of the filtrate was washed three 

10 times with methylene chloride, concentrated In vacuo 
to ca. 3 ml, and loaded onto a column of Dowex 50W-X4 
resin (sodium form. 200-400 mesh. 2.5 x 34 cm) whicb 
was eluted with de-ionixed water in a cold room at 
400 drop fractions every 5.1 minutes. The product 

15 containing fractions (23-32. 242 ml) were located by 
uv. concentrated in vacuo , and lyophilized to yield 
the title compound 22 (69 mg) as a white, amorphous 
solia. 

IR (NuJoDt^'max 3400 (br). 1750. 1590 cm**^; 
20 uv (0.05H pH 7.0 HOPS) ^max 297 nm (96\ NHjOH 
extinguished. £ ext. . 7.900); 

NMR ip^O)Sl*2B (d. J-6.4H2. CH3CHOH). 3.09 (dd. 
J*8.6 and 17.5Hz. CHCHaHb). 3.24 (dd. J»9.5 and 
17.4H2. CHCHaCHb). 3.42 (dd. J«2.6 and 6.OH2. H6). 
25 3.85 (S. NCH3). 3.86 (s. NCH^). 4.07. 4.21 (ABq. 
J-15.5H2. SCH^). 4.18 (m. H5). 4.23 (pentet. 
J»6.4Hz. CH^CHOH). 7.43 (brs. imidazole--H) . 8.66 
(br s . imidazole-H) . 
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' EXAMPI5 7 

Step A s 




p-Nitrobenzyl (5Rr6S)-6-Il(R)-hydroxyethyll-2-(3- 
pyr idazinylinethylthio) carbapen-2-ein 3-carboxylate 

A solution of p-nitrobenzyl (5R,6S)-2- 
(diphenylphospbono) oxy-6- [1 (R) -hydroxyethyl J carbapen- 
2-ein 3-carboxylate (540 mg, 0.93 nrool) in anhydrous 
acetonitrile (5 cc) was cooled in an ice-bath under a 
nitrogen atmosphere and was treated with NrK-diiso- 
propylethylamine (162 ul, 0«93 mnol) followed by the 
dropwise addition of S-mercaptometbylpyridazine^dl? 
mg^ 0.93 mniol) • A solid rapidly precipitated and 
after 30 minutes the suspension was diluted with 
ethyl acetate and was filtered giving the title 
compound (308 mg) as a white solido The mother 



3-Mercaptomethylpyridazine 

K. Yu. Novitsuiir N. K. Sadovaya, E. P. 
Kas'Yanova, L. K. Semna^ Khiroiya Geterotsiklicheskikh 
Soedinenii Vol 6, No. 3, pp 412-414 (1970). 
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liquors were washed with O.lN pH 7 phosphate buffer, 
dried over nagnesiuin sulfate, filtered and evaporated 
under vacuum. The residue was chromatographed on a 1 
mm X 20 cm X 20 cm silica gel GF plate, using 5% 
ethanol-methylene chloride as a developing solvent, 
to give additional product (28 mg) as a white solid, 
mp 156^C (dec) Thomas Boover Capillary Melting Point 

Apparatus (uncorrected) 
IR (Nujol) fi-lactam -v? max 1740 cm"^ 
NMR (CDCI3) ^1*31 (d, J«6.1 Hz, CH3CHOH), 3.09 
(dd, J«8.9, 18.1 Hz, CH^Hj^), 3.17 (dd, J«2.8, 
6.5 Hz, H6}, 3.61 (dd, Jb9.8, 18.1 Hz, CH^H^) , 
4.20 (m, B5), 4.20 (m, CH3CHOH) , 4.28+4.31 
(ABg, Jsl4.8 Hz, S-CR2)r 5.21-9*5.48 (ABg, Jsl4.0 
Hz, CHjAr), 7.52 (ddr J«5.0, 8.0 Hz, 
pyridazinyl H5) , 7.63 (d, J«8.8 Hz, 2ArH) , 7.64 
(d, J»8.4 Hz, pyridazinyl H4) , 8.22 (d, J«8.B Hz, 
2ArH), 9.13 (d, J»5.0 Hz, pyridazinyl H6) . 
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STEP B: 




Sodium (5R, 6S) -6- (1 (R) -hydroxyethyl] -2- (3-pyr idazinyl- 

ae thy 1 th io ] ca r bapen- 2-em carboxvla te 

A suspension of p-nitrobenzyl (5R,6S)-6- 
[1 (R) -hydroxyethyl] -2- (3-pyridazinylinethyltbio)carba- 
pen-2-eni 3-carboxylBte (5.5 g, 0.012 nol) in a 
mixture of water (0.75 L) , containing sodium 
bicarbonate (1.01 g, 0.012 mol), and tetrahydrofuran 
(0.75 I), was hydrogenated for 2 hours at 40 psig in 
the presence of 20% Pd(0H)2/C (1 g). a!b« nixture 
was filtered through Solka-Floc and the solution was 
washed with ethyl ether. The aqueous phase concen- 
trated under vacuum to ca. 500 cc and was freeze- 
dried giving (3.80 g) of a yellow solid. Crystallisa- 
tion from methanol gave the title compound (3.57 g) 
as an off-white solid. 
IR (Nujol) fi-lactam max 1740 cm"^ 
DV {H2O) A max 299 (€8,870) 93% HjNOH 
extinguished 
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NMR (DjO) i>1.26 (d, J«6.5 Bz, CT3CHOH) , 2.99 

(dd, J-8.8, 17.8 Hz, CH^Hj,) , 3.23 (dd, J«=9.8, 
17.6 Hz, CHjjHj,), 3.36 (dd, J-2.8, 5.9 Hz, 
H6), 4.14 (m, CHjCHOH), 4.14 (m, H5) , 4.2844.42 
(ABg, J-14.8 Bz, S-CH2), 7.83 (dd, J>4.8, 8.4 
Hz, pyridazinyl B5) , 7.99 (d, J«8.6 Hz, 
pyridazinyl H4), 9.12 (d, J-4.8 Bz, pyridazinyl 
B6). 



sraPCs 
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5R, 6S- (1 (R) -Bydroxyethyl) -2- (l-nethyl-3-pyr idaziniua- 

aiethylthio>carbapen-2-ein 3-carboxvlate 

A solution of sodium (5R,6S)-6-[l(R) -hydroxy- 
ethyl] -2- (3-pyridazinylinethylthio)carbapen-2-ei& 
5 3-carboxylate (1.0 g, 0.0029 mol) in O.IN pH 7 

phosphate buffer (20 cc) was cooled in an ice-bath 
and treated with dinethylsulfate (2.2 jnl, 0.023 
nol) . ThB mixture was stirred rapidly in the cold 
for 120 minutes, «rfiile Incremental amounts of IN NaOB 
10 were added In order to maintain a pH range of 6.8 to 
7.2. The suspension was washed with ethylether and 
was loaded on a column of Dowex 50W-X4 resin (sodium 
form, 200-400 mesh, 2.5 cm x 37 cm). The ice-cooled 
jacketed column was eluted with de-ionized water and 
15 25 cc fractions were collected. Fractions 23-63 were 
combined, concentrated under vacuum to 80 cc and 
lyophilized to give 0.55 g of a yellow solid. This 
material was crystallized from ethanol-water to give 
the title compound (0.47 g) as fine yellow needles. 
20 IR (Nujol) B-lactam O max 1750 cm"^ 

OV (HjO) X max 293 ( £.8,610) 89% H2NOH 

extinguished 
KMR (DjO) S\,21 (d, J=6.5 Hz, CH3CHOH) , 3.10 

(dd, J»8.5, 17.5 Hz, CHgH^,) , 3.30 (dd, J-9.8, 
25 17.7 Hz, CHJHj^), 3.43 (dd, J-2.8, 5.9 Hz, 

H6), 4.21 (m, CH3CHOH), 4.21 (m, H5) , 4.38+4.50 
(ABq, J=15.7 Hz, S-CHj) , 4.64 (s, N-CH3) , 
8.51 (dd, J«5.4, 8.2 Hz, pyridazinyl H5) , 8.60 
(d, J=8.0 Hz, pyridazinyl H4), 9.58 (d, J»5.5 Hz, 
30 pyridazinyl H6). 

Anal. Calc'd for C-^^yj^H^O^s.l-l/r&^x 

C, 47.36; H, 5.83; N, 11.04 
Found: C, 47.32; H, 5.77; N, 10.77. 
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p-Nitrobenzyl (5R,6S) -6- [ (1 (R) -hydroxyethyl] -2- (3- 
PvrldylthIo)-carbapen-2-ein-3->carboxylate 

A solution of p-nitrobenzyl (5Rr6S)-2* 
(diphenylphosphono)oxy 6- [1 (R) -hydroxyethyl]carbapen- 
2-ein-3-carboxylate (434 mg^ 0.75 nmol) in anhydrous 
acetonitrile (2 ml) was cooled to ca« -20®C under a 
nitrogen atmosphere and treated dropwise over 5 
minutes with a solution of 3-^roercaptopyridine (108 
rag, 0.97 mrool) in acetonitrile (1 ml) followed by 
NrN-diisopropylethylamine (0.169 ml, 0.97 mmol) • 
After stirring in the cold for 30 minutes, the 
mixture was diluted with ethyl acetate, washed with 
water and brine, dried over magnesium sulfate, 
filtered, and evaporated under vacuum to give a pale 
yellow foam (343 mg) • This material was dissolved in 
a small volume of ethyl acetate and the solution was 
diluted with ethyl ether and scratched to give the 
title compound (84 mg) as an off*white solid* The 
mother liquors were concentrated and chromatographed 
on three 1 mm x 20 x 20 cm silica gel GF plates using 
ethyl acetate as developing solvent to give additional 
product (113 mg) as a foam. This material was 
crystallized from ethyl acetate-ethyl ether to give 
the title compound (88 mg, 52% total yield) as fine 
white needles. 
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mp 138-139. 5*»C (microhot stage); 

IR (NujoD-Jmax 3540, 1765, 1705, 1520, 1350 Cffl"^; 
DV (dioxane);| max 267 na (C13,380), 319 nm 
(e 15,050); 

NMR {CDClj)*^ 1.31 {d, J*6.2 Hz, CH^CHOH) , 2.69 

(m, CHj), 3.14 (dd, J-2.8 and 6.6 Hz, H6) , 4.15 
(dt, J-2.8 and 9.1 Hz, H5) , 4.21 (dq, J-6.5 Hz, 
CH3CTOH), 5.31 and 5.56 (two d, J.13.7 Hz, 
CHjAr), 7.36 (dd, J«4.8 and 8.0 Hz, pyridyl 
H5), 7.69 (d, J«8.8 Hz, 2ArH) , 7.90 (ddd, J-1.4, 
1.8 and 8.0 Hz, pyridyl H4), 8.25 (d, J=8.8 Hz, 
2ArH), 8.69 (dd, J-I.4 and 4.8 Hz, pyridyl H6) , 
8.79 (d, J«1.8 Hz, pyridyl H2). 

Anal. Calc'd for C2^H^gN30gSj 

C, 57.14; H, 4.34; N, 9.52; S, 7.26 

Pound: C, 56.65; H, 4.35; N, 9.34; S, 7.63. 
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STEP B: 




(5R, 6S) -6- ri (R) -Hydr oxyethyll -2- [ (l-inethyl-3- 
pyr idinium) thio] carbapen-2-ein"3-carboxylate 

A solution of p-nitrobenzyl (5R,6S)-6-[l(R)-> 
hydroxyetbyl] ^2- (3-pyridylthio)carbapen-2-e]ii*3- 
carboxylate (110 .4 ing, 0.25 budoI) in anhydrous 
methylene chloride (2.5 ral) was cooled in an ice bath 
under a nitrogen atmosphere and treated with xnethyl 
trifluoronethanesulfonate (31 ylr 0.274 imnol) . The 
mixture was stirred in the cold for 60 minutes. The 
solvent was decanted from the oily precipitate which 
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was washed with methylene chloride and dried under 
vacuum. The gummy residue was taken up in 
N,K-dimethylacetamide (2 ml} , n-butanol (10 ml) , 
ethyl acetate (5 ml), water (10 ml), and 0.5M pH 6.8 
N**methylmorpholine-hydrochloric acid buffer (5 ml) , 
treated with 20% palladium hydroxide on carbon (50 
mg), and hydrogenated at 45 psi for 75 minutes* The 
mixture was filtered through celite to remove the 
catalyst which was washed with more water* The 
aqueous portion of the filtrate was washed with 
methylene chloride and ei:herr concentrated under 
vacuum to ca. 3 ml, and loaded onto a column of Dowex 
50H-X4 resin (sodium form, 200-400 mesh, 1.5 x 30 
cm) * The column was eluted with water in a cold 
room; 170 drop fractions were collected* Fractions 
15"*25 were combined, concentrated under vacuum to 15 
ml, filtered through a 0*45 p filter, and lyophilized 
to give the title compound (47 mg) as a yellow, 
amorphous powder* 
IR .(Nujol)n?max 1755, 1594 cro"^; 

DV (0*05H pH 7.0 MOPS buffer)Ainax 274 nm (^7,710), 

296 nm ( e8,240) ; 
UV (buffer -I- 1IH20H.HC1) A max 266 nm (C 4,480), 316 

nm (£.1,780) and extinguished y^max 296 nm (£ext. 

6r790); 

NMR (D2O} ^ 1*25 (d, J«6*4 Hz, C^3CH0H) , 2*80 
(dd, J»9*9 and 17*5 Hz, C:h^Hj^) , 2*94 (dd, 
J«8.5 and 17.5 Hz, CH^^) , 3.45 (dd, J«2,9 
and 5*9 Hz, H6) , 4.23 (m, H5 and CH3CHOH) , 4*41 
(s, NCHj), 8.04 (dd, J»6.0 and 8.2 Hz, pyridyl 
H5), 8.63 (br d, J=8.2 Hz, pyridyl H4) , 8.78 (br 
d, J«6.0 Hz, pyridyl H6) , 9.01 (br s, pyridyl H2) • 
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EXaMPIE 9 
STEPS f.-E ■ 



U-L • HCHO rK_ trK KSAc 

•HO 




1 , 4-Diinethyl-5-inercaptomethyl-l ,2 r 4-tr lazoliun 

trl floor omethanesulfonate 

Step A. 5-Hvdroxv methvl-l-methvl-lr2f4-tria2ole 

A solution of l-iDethyl-l,2,4-tria2ole (4.16 
g, 0.05 mol) In formalin (20 nl) was heated overnight 
in a sealed tube at 135»C. After cooling, the 
solvent was evaporated under vacuum to give a clear 
liquid that partially solidified on standing, ihis 
..mat^i;ial wa^ distilled to give a white, crystalline- 
solid (4.65 g) bp. ca. llO'C/0.25 mm. Mje solid 
product was recrystallized from ethyl acetate-hexane 
to afford the title compound (3.78 g, 67%) as white 
crystals. 

IR (Nujol}<7max 3180, 1505, 1290, 1200, 1045, 
1000 cm"^? 

NMR (CDCI3) ^ 3.95 (s, CH3), 4.75 (d, J»6.5 Hz, 
CHj), 5.49 (t, J»6.5 H2, QH) , 7.78 (s, B5) ; 
Anal. Calc'd for C^H^n^O: 

C, 42.47; H, 6.24; N, 37.15 
Pound: C, 42.67; H, 6.16; N, 37.35. 
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Ste£_B. S-Chloromethyl-l-inethyl-l ,2,4-trlazole 

hydrochloride ^ 

The hydroxyinethyl triazole from Step 1 (l.oo 
g) was added to ice-cold thlonyl chloride (4 ml) and 
the resulting mixture was heated at reflux for 25 
ainutes. Excess thionyl chloride was evaporated 
under vacuum. The solid residue was recrystallized 
from ethanol-ethyl acetate to give the title compound 
(1.17 g, 79% yield) as white crystals. 

IR (Nujol)^max 1585, 1400, 1265, 1250, 960 cm-^, 
NMR (DjO) ^ 4.07 (s, CH3) , 4.85 (s, HOD), 5.04 

(S, CHj), 8.53 (s, H5); 
Anal. Calc*d for ^^^-2012^3' 

C, 28.59; H, 4.20; N, 25.01 
Pound: C, 28.73; H,.4.16; N, 25.00. 

5-AcetYlthio«ethvl-l-«.^»h Yl.i . 2 . 4.tri ^ 
A mixture of the chloromethyltriazole from 
Step 2 (609 mg, 3.63 mmol) and potassium thiolacetate 
(497 mg, 4.36 mmol) in anhydrous acetonitrile (7.3 
al) was treated with a speck of dicyclohexano-18- 
crown-e and with triethylamine (531 yl, 3.8I mmol). 
The resulting mixture was stirred at room temperature 
for 3 hours. The mixture was filtered and the solids 
washed with acetonitrile. The filtrate and washings 
were evaporated under vacuum to a residue which was 
triturated with three portions of ethyl acetate. The 
ethyl acetate extracts were filtered, washed with 
brine, dried over magnesium sulfate, filtered, and 
evaporated under vacuum to afford the title compound 
(526 mg, 85%) as an orange liquid. 
NMR (CDCl3)^2.40 (s, CH3CO) , 3.91 (s, CH,) , 
4.26 (s, CHj), 7.80 (s, B5) . 
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Step r . B-Acetylthioinethyl-l r4-diinethyl-l r2^4-trl- 

azoHum trlfluoromethanesulfonate 

A fiolution of 3-acetylthiomethyI-2-iDethyl- 
1,2,4-triazole (244 ng, 1.43 minol) in anhydrous 
methylene chloride (1.4 ml) was cooled in an ice bath 
under a nitrogen atmosphere and treated with methyl 
trifluorometbanesulfonate (194 yl, 1.71 mmol) • She 
resulting mixture was stirred in the cold for 30 
minutes, then evaporated under vacuum. The residue 
was triturated three times with diethyl ether, then 
dissolved in anhydrous methylene chloride and 
evaporated under vacuum to afford the title conqpound 
(484 mg, 100%) as a viscous orange oil* 
NMR (DjO) 6 2.43 (Sr CH3CO) , 3.95 (s, CH3) , 

4.14 (s, CH3), 4.62 (S, CHj), 4.78 (s, HOD), 

8.72 (s, B5). 

StepE . 1 , 4-Dimethyl-5-mercaptomethyl-l ,2 , 4-tr iazolium ' 
trifluoromethanesulfonate 

A solution of the product from the preceding 
step (484 mg, 1.43 mmol) in anhydrous methanol (1.4 
ml) was treated with trifluoromethanesulfonic acid 
(127 yl, 1.43 mmol) and kept at room temperature for 
18.5 hours. The solution was diluted with ethyl 
ether to precipitate the product as an' oil. The oil 
was washed four times with ethyl ether, diluted with 
anhydrous methylene chloride, and evaporated under 
vacuum to provide the title compound (344 mg, 82%) as 
a pale orange oil. 

NMR (DjO) ^ 3.93 (s, CH3) , 4.08 (s, CH3) , 4.25 
(s, CH2>r 4.78 (s, HOD), 8.72 (s, H5) . 
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thlo-6-ri (R) "hvdroxvethvl]earbapen-2-en-3-carbdxvlate 
p-Mitrobenzyl (5R,6S) -2- (diphenylphosphono) - 
oxy-6-ri(R) -hydroxyethyl]carbapen-2-en-3-carboxyiate 

(488 ng, 0.84 mnol} was added all at once to a 
solution of l»4-diinethyl-5-Biercapt0niethyl-l,2,4- 
trlazoliua trifluoronethanesulfonate (370 ng, 1.26 
aunol) in anhydrous NfM-dinethylacetamide which was 
cooled to -20*C under a nitrogen atmosphere. The 
resulting solution was treated dropwise over 7.5 
ninutes with a solution of N,N-diisopropylethylainine 

(220 vl, 1.26 mmol) In dinethylacetamide (0.4 nl) and 
stirred an additional 30 minutes at -20'C. The 
reaction mixture was diluted with n-butanol (40 ml), 
ethyl acetate (20 ml) , water (40 ml) and 0.5M pH 6.8 
N-methylmorpholine-hydrochloric acid buffer (20 ml), 
treated with 20% palladium hydroxide on carbon (250 
ag), and hydrogenated at 45 psi for 90 minutes. The 
mixture was filtered through a celite pad to remove 
the catalyst which was washed with water. The 
aqueous portion of the filtrate was washed with 
methylene chloride (3x) and ethyl ether, concentrated 
under vacuum to ca. 20 ml, and loaded onto a column 
of Dowex 50W-X4 resin (sodium form, 200-400 mesh, 200 
ml) . The column was eluted with water in a cold 
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-7X- 

1633 OIK 

room; 400 drop fractions were collected every 4.6 
minutes. Fractions 13-18 were concentrated under 
vacuum to 22 p).» filtered through a 0.45 ti CR 
acrodiscf and lyophilized to afford the title 
compound (121 mg) as a white amorphous solid. 
IR (Nujol)<^max 3320 (br), 1760, 1595, 1565, 
1240 cm"^> 

UV (0.05N pH 7.0 HOPS buffer) X»ax 294 nm (98% 
NH^OH extinguished, ^ext. 6,770); 

NHR {D20)S 1.29 (d, J>6.4 Hz, CS3CBOH} , 3.17 
(dd, J»8.6 and 17.4 Bz, CH^B^) , 3.32 (dd, 
J«*9.8 and 17.4 Bz, CB^j,), 3.50 (dd, JX2.9 
and 5.9 Bz, B6), 3.96 (s, NCB3) , 4.12 (s, 
NCB3), 4.25 (m, B5 and CB^Cmm) , 4.80 (s, 
BOD), 8.77 (s, triazolium B). 
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EXAMPLg ^t^ 

Utilizing the procedures of Exanples 1-9 
tbe fol loving compounds are prepared: 
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No. L 
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20 




CHjCH^CHj 



2S 




CH2CH2CH3 
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CHjCHjCH, 
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15 



60 
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61 
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€3 -CH. 

5 
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65 - 

15 

66 " 



20 

67 



25 

68 



30 

69 
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e 



-CH, 



71 
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72 



15 



N 
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74 
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30 



75 
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CHjCOgH 



CH^^SOjCHj 



0167139 



2360P/0840)l 
236IP/0B40A 



-84- 



78 -CH,- 



79 



SO 
81 

10 82 
83 

15 



16330IK 

? 



CHjSOjH 



2 2 



CHjSOCHj 



H N 

CH,_// 

I 



84 



20 




CHjOCHj 



25 



30 
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86 
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88 
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CHjSCHj 



CHjSOCHj 



CHjSOjCHj 



CHjCOjH 
CHjCONMej 
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90 -CH. 



20 



101 



■I 



30 

103 » 




91 " • CH-80,H 
5 ^ ' 

92 ." - CHjCM 

93 " » CHjNMe^ 

10 94 " • CH^CHjNMej 



95 " H CHjOCH, 



96 • • CHjNMe^ 

9' " " CHjCH^NMCj 

98 " " CHjCN 

99 " , " CH2SCH3 
25 100 » • CHjSOCHj 



CH^SO^CHj 



102 " • CH^COjH 



CHjCONMe^ 
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CHjOH 
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CB 

173 bond i, ' _ 

" ✓ \ 3 
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15 
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177 • 



25 

178 • 
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EXAMPLE 11 

Utilising the pcoeedttces of Bxanples 1-9, 
'the Col loving eo^poundt «r« prtpased: 
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COB- 
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HO 



1 H R 




i «V3 
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1 CH, 



20 



XT" 



CO^H 
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CN 

OH 
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COKMe 
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10 



10 
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13 
14 
15 
16 
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25 
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I t ti^CHjCN 



CH2COMH2 



2 2 



CH^SCHj 



CHjSOCH^ 



CHjSO^CHj 



SO2CH3 . , 



SOCHj * 



CH. 



H 



CHjCBjCOjH 



CB2S0,H 



CHjOCHj 



CH,P-OH 



*OCH, 
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26 • 
10 27 • 

28 • 

29 • 
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30 • 

20 
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CHjCHjSOjH 



CP, 



O 

CHjOCNH^ 



Br 
CI 
P 



COjH 



31 • 

25 32 •* 

33 • 

34 • 
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CONHj 

CN 

OH 

SONH. 
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35 
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41 

41 
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45 
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SO3H 



NMe. 



COHNe. 



CHjNKe^ 



CHjCN 



CHjCONHj 



CHjCOjH 



CHjSCHj 



CHjSOCRj 



SOjCHj 



80CH, 



CB. 



N-N 
H 



CHjCW^COjH 



CHjSOjH 



CH OCH 
2 3 
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51 



O 

CHjP^OH 
OCH, 



52 
53 



" CH2CH2SO3R 



CP, 



10 



15 



54 

55 
56 
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■ CH^OCNHj 



CHjSOjNHj 



CH2S02NMe2 



COjH 
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CN 
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64 

•65 
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69 
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71 
72 
73 

74 



75 



76 
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CONHe. 



CH2NMe2 



CHjCN 



CHjCONHj 



CHjCOjH 



CiHjSCHj 



CHjSOCHj 



CHjSOjCHj 



SOjCH, 



soai. 



CB. 



I 
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CH2CH2CO2H 



CH2SOJH 



CM2OCH3 
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O 

" ■ • CHjP-OH 

^OCH, 



3 



CH^CHjjSOjH 



CP3 



10 81 - • « CHjoSnHj 

82 • - • CHjSOjNHj 



84 • - . //^ 



I 
H 



*5 - \/> - COjH 



CONHj 
CN 



OCH3 
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SO3H 



NMe. 



CONMe. 



CH^NMe^ 



CHjCN 



CHjjCONHj 



CHjCOjH 



CB28CH3 



CHjSOCHj 
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CHjSOjH 



CH^OCHj 
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CHjf-OH 
\>CH, 



CH^CHjSOjH 



CP, 



CHjSOjNH^ 



CB^SO^NHe^ 



H 



25 



113 -CH«- 



30 114 • 
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CN 
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25 128 
129 
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OCH. 



SO3H 

t 

KKej 
CONHe. 



CHjCN 



CHjCONHj 



CHjCOjH 



CH^SCHj 



CB^SOCHj 



CH2SO2CH3 
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CH2^.C»I 
NoCH, 



CHjCHjSOjH 
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25 168 
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CHjSCHj 



CHjSOCH, 
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2S 
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373 ^ 
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CHgSOjCHg 



SO2CH3 



SOCH, 
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CHjCH^COjH 



CB^SOjH 



CH2OCH3 



CHj^-OB 



CHjCHjSOjH 



CP, 
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CH20<!nH2 



CH^SO^NH^ 
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10 



IS 



20 



t U • coval.nt bond or a bridging gtov^ selftcted 
from -CCHj)^.^^-! -CCH^)^ ^-O-l 
-<'^7>i.4-*-C<W;,)j , vhece X U O. 
S. MH. or N(Cj.c^)«uyi): •iibstU^tod or 
vnsubstittttod C^-c^ ttrdight, Cj-C^ 
branehod or Cj-c^ eyeloalkyl «fo«ps 
vlicreln th< substStvents aro Mloet«d from 
C^-Cg alkyl. O-Cj-C, alky I. 

*lkyl. halo. OH. CPj, cH. 
llHj. NHCj^-Cg alkyl, »<Cj-Cj 

•Xkyi);j. cOjjH. comi,. conh (c.-c. 

•Ikyl). and COII(C,-C^ allcyl),! 



2S 



-^•^^^^Jf«-R^ is a aono. or bleyelic hottcoarrliua group 

containing fcos S-lx ring atoss of which up 
to 5 aro heteroatoaB wherein B* las 



30 
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1) an unsub&tituted oc substituted 

Cj-Cg alkyl radical: ,^ .^^^ 

2) an unsubstituted oc substituted 

3) Vn Vnsubstituted or substituted 
C^^C^ alkynyl radical: 

4) a C^-^T* cycioalkyl radical in which 
tbe i^intf ' is substittited or ' 
unsubstituted andTpne.^r more atoms may 

i ^^^^^^^ » • IT 

be replaced by a*^ hetecoatom: 

5) a C^-C^ cycloalkyl methyl radical 

in which the rin^ may be substituted 

and one or more atoms may be replaced 

by a heteroatom; 
€) an unsubstituted or substituted, 

C--C^ cycloalkenyl radical; 
7) an unsubstituted or SQbstltuted, 

bivalent C.-C, alkylidene radical • 
9 Optionally interrupted by a heteroatom. 
^ and"" Joined tb the heteroarylium group 

to form a ring which is carbocyclic or 



.4 I 



in which one'or>»more atoms is replaced 
oy a heteroatom* The new ring may 
contain one of more double bonds; 

8) %n ^nsubsti tilted or substituted phenyl 
or iSeteroaryl ^aiical? _ 

9) an unsubstituted or substituted ^hlnyd 
(C,-C^ alkyl) or heteroaryl .^j 

alkyl) radical; ^ 
10} a cyano (C.-C^ alkyl) radical; 
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13) a carbamoyl (Cj^-C^ alkyl) radical: 

12) « hydroxy (Cj^-C^ alkyl) radical: 

13) an anlno (C^-C^ a Iky I) radical Id 
which the nitrogen atoa is 
unsubstituted or substituted with one 
to three C^-C^ alkyl groups: 

14) an acidic side-chain of the strveivre •(CH^,-X-(CH,)^-Y-A where 
n-(M 

m - 0-4 

X - CHR" CH-CH. pheayleae (-CJIv-X NH. N(C|.C4 ilkylX 

o. s. s^. oo. SO, so^, CO, c6nh.oco, OC-O. NHC-O; 

R* « H. 0(C1'C4 alkyl). NH, NH(C1'C4 alkyl), N(C1-C4 tlkyl), 
CN. CONH, C0N(CK4 ■IkyI), CO^, SO^NH, 

S0^H(CJ-C4 alkyl): 

Y - single bond. NH. N(CI-C4 alkyl). O. S; 
A " an acidic function f 

wherein the substltuents in the above definitions of 
R are independently selected from the group 
consisting of the definitions of R* set out below; 
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l8 Independently selected from; 

a) a tciCluoronetbjri group; 

b) « halogen atoa: 

c) aA.unsub^tituted or substituted 
C^-yC^ alkoxyl radical: 

d) . .byd^oxy group: 

e) an..un§ubstituted or substituted 
(C^-C^ alkyl) carbonyloxy radical: 

f ) a carbamoyloxy radical vbicb is 
unsubstituted or substituted on 
nitrogen vitb one or tvo. C^*C^ 

. _ alKyl grovips: 

g) ^ ' a C^^C^ aikyltbio radical^ 

. Cj^rC^ alkylsulf inyl radical or 
Cj^^C^ alkylsulfonyl* radical, each 
of irtiicb is unsubstituted or 
substituted on the alkyl group; 

U> a sulfamoyl group vhich is 

unsubstituted or substituted on 
nitrogen by one or tvo C^^-C^ alkyl 
groups; 
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i) an amino group; 

* ^^^^ ^^l"^* alkyl) amino or 
di(C^-C^ alkyl }amino group, each of 
which is unsubstituted or substituted 
5 on the alkyl group; 

k) a formylamino group; 

1) an unsubstituted or substituted 

(C^-Cg alkyDcarbonylanino radical; 
m) a (Cj^-C^ alkoxyl) carbonylanino 
10 radical; 

jj) a ureido group in which the terminal 
nitrogen is unsubstituted or 
substituted with one or two C^-C^ 
alkyl groups; 

o) a (Cj^-Cp alley 1) sulfonarddo group; 

p) a cyano group; 

q) a formyl or acetalized formyl radical; 
r) an unsubstituted or substituted 
20 *lkyl)carbonyl radical 

wherein the carbonyl is free or 
acetalized: 
s) an unsubstituted or substituted 

phenylcarbonyl or heteroarylfcarbonyl 
25 radical: 

t) a hydroximinomethyl radical in which 

the oxygen or carbon atom is optionally 
substituted by a C^-C^ alkyl group; 

30 u) a (Cj^-C^ alkoxy)carbonyl radical; 

v> a carbamoyl radical which is 

unsubstituted or substituted on 
nitrogen by one or two Cj^-C^ alkyl 
groups; 
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%A an N- hydroxy cat bamoyl or N(C^-c^ 

,^ alkoxy)eatbai&oyl cadical In which the 

. ni'tcogen atom may be additionally 
substituted by a C^-C^ alkyl group; 

S X ) a thiocacbamoyl group: 



10 



an amidino group 



-B<^H-R^ 

4* 



15 



5 6 7 
vhece R , S and R are 

independently hydrogen. Cj^-C^alKyl 

or wherein two of the alkyl groups 

together form a C2->C^alkylidene 

20 cadical optionally interrupted by a 

heteroatom and joined together to form 

a ring: 

2S z) it carboxamidino group C « where 

/ \r V 

5 6 7 
R , R and R are as defined 

above: 

30 aa' • guanidinyl group where R* in y ) 



above i6 NR^r' and R^. and R^ 

5 7 
are as defined for R through R 

above • 
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«b) hydrogen: 

ac) an unsubstituted or substituted 

Cj^-Cg alkyl radical; 
ad> an unsubstituted or substituted 

Cj^-Cg alkenyl radical: 

ae) an unsubstituted or substituted 
Cj^-C^ alkynyl radical; 

af) a Cj-C^ cycloalkyl radical in which 
the ring is substituted or 
unsubstituted and one or more atons nay 
be replaced by a heteroaton; 

ag) a Cj-C^ cycloalkyl aethyl radical 

in «rtiich the ting nay be substituted 
and one or aore atoms may be replaced 
by a heteroatom; 

ah) an unsubstituted or substituted 
Cg-C^ cycloalkenyl radical; 

ai) an unsubstituted or substituted phenyl 
or heteroaryl radical: 

a j) an unsubstituted or substituted phenyl 
(Cj^-C^ «lkyl) or hetecoaryl 
(C^-C^ alkyl) radical: and 
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ak) an acidic side chain of the structure 
-A or -(CH2)^-X-(CH2)jB-1f-A where* 

m* CM 

X - CHR". CH-CH. phenylene (-C^^-). NH, N(CI<:4 alkyi). 
a S. SO, 50,NH. CO, CONH.OCO, OC-O. NHC-O; 

R« - H. 0(C1^4 »lkyl). NHy NH(CI^4 .Ikyl). N(CI-C4 »lkyl), 
CN. CONHy CON(CI-C4 tlkyl), CO^. SO/IH, 

S0^H(Ct-C4 tikyi): 

Y . single bond. KH. N(C1-C4 alkylX O. S: 
JV B an acidic functicra 
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Y is selected ftoa: i) 



ID 



10 



15 



COOH or a phaEBaeeu- 
tlcally acceptable, 
ester or salt thereof. 
COOH^ wherein is 
a removable carboxy 
protecting group, 
iii) COOK wherein M is an 
alkali metal, or 
iv) COO®; provided that 
when T is other than 
iv) a counterion ^ 
is provided. > 

2. K conpound of Claim 1 wherein L is 
substituted or unsubstituted branched or linear 
Cj-C^ alKyl. 



20 



3. A compound of Claim 2 wherein 
is monocyclic heteroaxyllun. 



2S 



-6' 



4. A compound of Claim 3 vhecein 

is a pyridixiium groi;^. 

30 5. A compound of Claim 4 wherein Is an 

unsubstituted or substituted C^-C^ alkyl group. 



t r • 
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6. A compound of Clain 5 vhecein L is 

-CRCCHj)- or -(CHj)^-. 

7* A coapoind of Clala 1 vhereln the compound Is a aeaiber 
selected from the group eoDslstlng of: 
HP 

H H 



10 




IS 



Com- 
pound 
No. L 



1 -CH«- 



20 



«f^.3 

<J- 




25 




CHjCH^CH^ 



30 




CH^CMjCHj 
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-132- 
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CHjCHj 



10 8 




e 



XT 



15 



20 




e 



10 



25 



H3C 




® 



11 



30 
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23€OP/Oe40A 

23«1P/0840A -135- 



5 

2S 

10 

26 

15 

27 

20 

28 

25 

29 

30 



■ 







.0* 
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.24 -CH,- fi eCHj. 



CH3 



31 



10 




32 



15 




33 



20 




34 



25 



X 



30 35 



G 
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30 



-CH,- 




• • » 

01 6^139 



2360P/0840^ 




30 
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2360P/OB40A 
23«1P/0840A 



,49 -CH,- > \ 



SO 

10 



51 -CH- 



S2 

20 



53 -CHj- 



25 



30 

55 



\— S 



H 



IS CHj ^ 



e 
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54 - - °*2C«3 
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236IP/0840A •>141- 



,«3 -CH,- V— A CH 



S 

64 

10 

6S 



20 



67 " 4x .8 

e 



25 



® 
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68 • , » -CHjCHjCHj 



30 

%9 • " -CHjCHj 



236OP/O840A 
2361P/0840)l 



-142- 
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70 -CH«- 




-CH 



3* 



71 



10 




72 



15 




73 



20 




74 



25 



30 



75 
76 
77 




CHjOCH, 



CN 



CHjCOjH 



CH^SO^CHj 
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78 -CH,. 
79 

80 " 

81 * 



10 82 



83 



-CR2PX0B)0CH^ 



CHjSOjH 



CH2C0NMe2 



CHjSOCH, 



CRjNKej 



CH, 



15 



t 

M 



84 



20 




CHjOCBj 



85 

25 86 
87 
88 



30 



89 



CH. 



2««^ 



CRjSOCHj 



CHjSOjCHj 



CH2CO2H 



CH2COime2 
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•0 -CH,- 

91 ■ 

92 • 

93 ■ 



10 94 



95 



15 



O 

CH2P<OH)OCH3 



CHjSOjH 



CB^CN 



CH^NMe^ 



CHjCH^NMe^ 



CHjOCH^ 



20 



25 



30 



96 
97 
98 
99 

100 
101 
102 
103 



CHjCH^NMe^ 



CHjCN 



CHjSCHg 



CH«S 



OCH3 



CHj^SO^CHj 



CR2CO2R 



CR^CONMe^ 
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104 -CH.- 



O 



105 



CHjSOjH 



106 



10 




CHjCHjCHjCHj 



107 -CHjCHjCHj. 



1& 




20 



108 -CHj^- 



CHjOH 




25 



109 -CBj- 




30 



» ■ 
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• • • • • 
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30 
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0 



30 




30 



2360P/0B46A 
2361P/0840A 
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0167139 




30 



0167139 



2360P/0840A 
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® 
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10 

S 11 
12 
13 

10 

14 

15 

15 16 
17 

20 18 



25 



30 



19 
20 
21 

22 



16330ZK 



CH2MMe2 



CHjCN 
CHjCONHj 



CHjCOjH 



CH^SCHj 



CH^SOCHg 



CHjSOjCH^ 



5O2CH3 



SOCH3 

H 

CHjCHjCOjH 



CM20CH3 



chXoh 



OCH. 
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23 

5 

25 

10 27 
26 
29 

IS 

30 

20 
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CHjOCNH^ 



CHjSO^NHj 



Be 
CI 
P 



COjH 



25 



31 
32 
33 
34 



CONBj 

CM 

OB 

80NH. 



30 
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10 



2360P/0840A 
2361P/OB40A 

35 



36 
37 
38 
39 
40 
41 
41 
43 
44 
45 
46 

47 



-162- 



15 



20 



25 



30 48 
49 

50 



16330IK 



80jH 



NMe^ 
COMHe. 



CHjNMe^ 



CHjCN 



CH-CONH, 
2 2 



CHgCO^H 



CHjSCHg 



CH^SOCHg 



CHjSOgCHj 



SO2CH3 



SOOi. 



N-N 



CHjCHgCOjH 



CHgSOjH 



CH OCH 
2 3 
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.•61 
t 



O 

CHj'p-OH 

OCH, 



5 52 
53 

10 5« 
55 
56 

15 

57 

20 



CHjCHjSOjH 



CF, 



CHjOCNRj 



CHjSOjNHj 



CBjSOjNHej 



25 



58 
59 
60 
61 

30 62 
63 



CONHj 

CH 

OCH, 



SO3H 



MMe. 
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64 

65 

5 66 
67 
68 

10 

69 

70 

15 71 
72 
73 

74 

25 

75 
76 

30 77 



-164- 



20 



16330IK 



COMMe. 



■ CH,NMe. 

2 • 2 



CH^CK 



CHjCOMHj 



CB2CO2B 



CHjSCHj 



CHjSOCHj 



CHjSOjCHj 



SO2CH3 



80CB. 



K 



CHjCHjCOjH 



CHjSOjH 



CHjOCHj 
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10 



IS 



,;78 



79 
80 

81 
82 
83 

84 



N)CH, 



CHjCH^SOjH 



CP, 



o 



CHjSOjHKej 



20 



85 



2S 



.X) 



COjH 



30 



86 
87 
88 



CONHj 
CN 

OCB, 
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5 91 • 

92 

93 " 

10 

94 » 

95 ■ 
lb 96 

97 ■ 

98 • 



-166- 



20 



99 CH« 



100 • 
25 101 » 

102 

3D 

103 • 



16330IK 



80,H 



IIKe2 
COMMe. 



CH2NMe2 



CHjCN 



CHjjCONHj 



CHjCOgH 



CHjSCHj 



CH2SOCTJ 



SO2CH3 



SOCH. 



CH. 



N_K 
I 

B 



CHjCHjCOjH 



0167139 



236OP/0S40A 
236IP/0840A 



-167- 



163301K 



10 



IS 



20 



104 

105 

loe 

107 
lOS 

109 
110 

111 

112 



CH2SO3H 



CH2OCH3 



CH^CH^SO^H 



CP, 



CHjSO^NHj 



CH2S02HHe2 



25 



113 -CH,- 



Yv 



• COjH 



10 114 

115 



CONH. 



CN 
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3.16 

117 

S 118 

119 

120 

10 

121 
122 
15 123 
124 
125 

20 

126 
127 
25 128 
129 

20 130 



-168- 



16730IK 



OCH. 



NM«2 
CONKe. 



CHjNHfSj 



CHjCN 



CHjCONHj 



CHjCOjH 



CH2SCH3 



CHjjSOCHj 



CHjSOjCHj 



SO2CH3 



OCH3 



CH. 



-0 
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131 

9' 
f 

132 

134 

135 
136 



-169- 



10 



IS 

137 
138 
20 139 

140 

25 



1633 OIK 



CH^CHjCOjH 



CHjOCHj 



O 

CH2?-0H 

\!CH, 



CH2CH28OJR 



cr. 



J. 



CHjOCNHj 



CHjSO^NHj 



CHjSOjNNej 



141 



30 



B 




" COjH 



142 



CONH^ 



236OF/0840A 
2361P/0e40A 

' 143 

• r 

144 

5 145 
146 
147 

10 

148 
149 
15 ISO 
151 
152 

20 

153 
154 
2«i 155 
155 
157 



-170- 



30 



158 



0167139 

CN 
OH 
OCH, 



8O3H 



MNe^ 
CONMe. 



CH^NMej 



CHjCN 



CH^CONH^ 



CHjCOjH 



CH^SCHg 



CHjSOCHj 



CH^SOjCHj 



SO. 



2CH3 



80CH, 
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459 



-171- 



1633 OIK 



CH. 



1€1 
10 1(2 

163 

IS 

164 

165- 

20 

166 
167 
25 168 

169 



CHjCHjCOjH 



CHjjSOjH 



CHjOCHj 



O 



-OH 
OCH, 



CHjCHjSOjH 



«^3 

CHjSOjNKej 



30 



0167139 
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170 - 

171 • 
5 172 ■ 



173 

10 

174 
15 175 
176 
177 

20 

17 B 
179 
25 180 
181 
182 



-172- 




30 



183 



1633 OIK 

F 

CI 

Br 



COjH 



CONH. 



CN 



SO3R 



BMe^ 
CONHe. 



CH^NMe^ 



CHjCN 



CHjCONHj 
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' 184 

IBS 
5 186 
187 

10 188 



-173- 



IS 



20 



25 



90 



189 
190 
191 

192 

193 
194 

195 
196 



16330IK 



CHjSCHj 



CB2SOCH3 



CHjSO^CHj 



CH. 



2 



N 
R 



CHjCHjCOjH 



CHjSOjH 



OCH, 



O 

CH2^-OH 



CHjjCHjSOjH 



CP, 



CB. 



CH2802NH2 



2360P/0B40A 
2361P/0B40A 



-174- 




• » > 

• » 

• • 

• a 
9 • 
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CO^H 



198 
10 199 
200 
201 

15 

202 
203 
20 204 
205 
20S 

25 

207 
208 
30 209 
210 



CONH^ 

CN 

OH 



8O3B 



mtm. 



CONHe« 



CH^CN 



CHjCOjH 



CHjSCHj 



CHjSOCHg 
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10 



15 



20 



25 



30 



211 

*r 

212 



213 



214 



215 
216 
217 

218 

219 
220 

221 
222 
223 



CH2SO2CU3 



EOjCHj 



• SOCH3 



CHjCHjCOjR 



CHjSOjH 



CHjOCHj 



O 

CBjP-OH 



• CHjCHjSOjR 



CP, 



CH. 



CHjSOjNHj 
Bz 



2360P/0840A 
2361P/0e40A 

' 224 

225 



226 



-176- 




y/ 6 



10 



15 



20 



25 



30 



227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
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CI 
P 



- COjH 



COKH. 



CN 



SO3H 



NMe. 



CONKe, 



2 2 



CHjCM 



CHjCONBj 



CHjCOjH 



CH^SCHj 



2360py0840A 

2361P/0640A -177 

-238 • • 

t 

239 • • 

5 240 * • 

241 • • 



10 242 



243 

15 

244 

245 

20 

246 



247 

25 

248 



249 

30 

250 
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CHjSOCHj 

CHjSOjCHj 




I 

B 

CHjCH^COjB 



CHjSOjH 
CHjOCHj 

OCH3 
CH2CH2SO3H 

O 

ch^oHnHj 

CHjSOjNHj 
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■ COjH 



10 



252 
253 
254 
2bV 
15 256 
257 
258 

20 

259 
260 
25 261 
262 
263 



30 



264 



■ CONB^ 
• CM 

■ OH 



- SO^NH^ 



• 8O3H 



COMHe. 



CH2MMe2 



■ CHjCH 



CBjCONH^ 



CHjCOjH 



CHjSCHj 



CHjSOCHj 
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10 



15 



20 



25 



26S 



266 



267 



26B 



269 
270 
271 

272 

273 
274 

275 
276 



• CH2SO2CU3 



• SOjCHj 



80CH, 



CHjCaijCOjH 



CHjSOjH 



CH2OCH3 



L 



CHjCHjSO^H 



CP, 



«2 



30 
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277 ■ « . « 

278 . . • . CI ' 
5 279 - . . y 



10 



15 



20 



25 



30 



0167139 



9. The coaibinatlon of a coBpound of Clala 1 and a 
'HHP Inhibitor. 

10. A combination of Claln 9 lAarain the OTP Inhibitor 

ia 7-(L-2-ainino-2-carbo3cyethylthio)-2.(2,2-di»ethylcyclopropane- 
carboxaaide)<-2-heptenoic acid. 

11. A pharmaceutical composition for antibiotic use 
comprising an antibacterially effective amount of a con9>ound of 
Claim 1, an inhibitorily effective amount of a OTP inhibitor, 
and, optionally, a pharmaceutically acceptable carrier. 

- 12. A pharmaceutical composition accordin]? to Claim U 
vherein the OTP Inhibitor is 7-a^2-amino-2-carboxyethylthio)-2-.(2,2- 
dimethylcyclopropanecarboMmide)-2-hcpteaoic acid. 
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13. A cbnqpound of Claim 1 of the structure: 
OR 



wherein 

is Cj^.^ alkyl; or an acidic sidechain of the 
structure -(CH2)jj-X-(CH2),j-Tf-A wheres 
a-(M 
B-0-4 

X • CHR'. CH-CH, phenylene (-C JI.«). NH. N(C1-C4 alkylX O. S. S-O, OO. 
SOy SO,NH. CO,. CONHtOCOy OC-0. NHC-O; 

R' • H. 0(C1-C4 alkyl). NH, NH(C1-C4 tikyi). N(C1-C4 alkyl)- ON. CONH« 
CON(Cl-C4 alkyl), CO,H. SO/ro, S0,NH(C1-C4 alkyl); 

Y - aingle bond. NH. N(C1<C4 alkyl). O. S; 
A ■ aa addie fvaction i 
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R is hydrogen? cyano; or an acidic side-chain 

of the structure -A or - {CH2)jj-X-(CH2)j„-Y^A 
where 

5 B- (M- 

X - CHR». CH-CH. phenylene NH. N(C1-C4 UkylX O. S. S-O, CO. 

SO,SO,NH,CO,CONH.OCO,OC-0.NHC-O; .^H^.v-u, 

R* - H, 0(C1-C4 alkylX NH, NH(C1-C4 alkyi), N(C1-C4 alkyl). CN. CONH 
IC CON(Cl-C4 alkyl), COJH. sS/4H, S0^(CW:4 alkyl); ' * ' 

Y - single bond. NH. N(C1-C4 alkyI), O, S; 

A ■ an acidic fvaetion i 

15 provided that or must be an acidic side-chain. 

14. A confound of Claim 13 vherein the acidic 
function -A is a member selected from the group 
consisting essentially of carboxy (CO,H), phosphono CP-0(0H)^ 

20 alkylphosphono p'-0(0HX0{CI-C4 alkyl)]}. alkylphosphinyl IP-0(0HXCI-C4 
alkyI)]. rabstitnted pbosphoramido IP-0(6h)NH(C1-C4 alkyO and 
F-0(0H)NHR*% nlfiao (SO^). lulfo (SO,H). 5-tetnzolyl (CN^HX 
arylsulfonamido ©O^NHR'^ and acylsulf onamides represented by the ttmetvres 

25 CONHSO^Cl-C4 alkyl). CONHSO,N(Cl-C4 alkyl), SO^CO(Cl-C4 nlkyl) and 
SO^WCOR* vrtierein = 2u:yl or heteroaryl. 



15*. A pharmaceutical con^osition for antibiotic 
use comprising an antibacterially effective amount of 
a compound of Claim 14, an inhibitorily effective amount 
of a rap ixihibitor, and/ cqptionally, a phaxmaceutical 
carrier. 
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